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PREFACE 


.... Science has influenced man’s life to an amazing extent. The 
children too are much affected by the tremendous progress that the 
science-has brought out. . They use synthetic fibres, medicines and 
other things in daily life which were unknown to their parents when 
they were young. So the study of science and its products is exremely 
important to the very young children. Keeping this fact in view the 
Education Ministry rightly introduced the compulsory Science Edu- 
cation upto 10th class in the new 10+2+3 pattern of education. 


- A young mind is exposed to enormous scientific events in daily 

life such as working of a hand pump, bicycle, pressure cooker, buses 
and electrical appliances like iron press, fans, radio etc. Study of 
such like events falls within the purview of an extremely important 
branch of science called Physics. The study of science in 
and that of physics in particular cannot be fruitful without doing — 
Experiments. ‘A person may claim to be a perfect swimmer simply 
after reading all the books he. can get on the subject of swimming 
but his swimming capability can be tested only after he enters the 
deep water. Inalike manner in sciences, ‘theory only predicts 
but experiment decides’. Seeing experiments performed (i.e., 
demonstration experiments) or better still being able to do them 
yourself (i.e., pupil’s experiments) is of the greatest importance in 
understanding the methods and principles of science. 


The motivation for the author for writing this book has 

from his close association with the training programmc for the school 
teachers in physics on the lines of the new 10+2+3 pattern of 
Education. In fact the author delivered a series of lectures with the 
help of demonstration experiments designed by his ownself. Non-avail- 
ability of the sufficient literature for the various categories of rxperi- 
ments in physics introduced for IX and X classes was felt very much 
by all the participants in the training programme. Essentially this 
feeling of the participants inspired the author for the humble atteinpt 
of writing of this book. 


Following are the salient features of the book. 


1. The experiments introduced in the IX and X classes 
Syllabus of this new scheme of studies have been divided into four 
categories viz., demonstration experiments, pupil's experiments, 
pupil’s activity and group activity. This is the first book of its kind ‘ 
which contains all.the experimental details of these experiments. At 
- the end of the book, chapters on the “‘elements of soldering” and 

“elementary training in workshop‘practice” are also included which 
form a part of the group activity in the X class. 


Civ) 


2. Specialcare has been taken to suggest alternative experi- 
"ments so as to suit the varied class-room conditions of different 
schools. І із hoped that even a school in a remote village with 
inadequate laboratory facilities will find in the book some experiments 
“Suggested which can be performed with the materials which may be 
procured by them easily. : 


3. Atthe beginning of each chapter, important points under 
the heading ‘Points to Remember’ have been given so that the students 
also clearly understand the theory underlying tbe experiments. : То 
help the students to test their understanding, objective type questions 
are also given at the end of each chapter. Specimen Viva— Voce 

“questions are given for the experiments which fall in the catagory of 
““pupil’s experiment." These are the usual type of “Ога! questions” 
asked at the time of practical examinations. 


Suggestions from teachers and readers for improving the book 
"will be gratefully received. 


ЕсЬгиагу, 1976. : S.B. Singh. 
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TO THE PUPILS 


A person may read all the books he can get on the practical' 
subjectsay of playing cricket, but he will never learn this game until 
he goes to the field, handles the bat and faces a ball. A young girl 
also cannot prove te be a good cook by simply reading books on 
“cookery until she practices preparing actual dishes in the kitchen. 


In like manner, seeing experiments performed (demonstration 
experiments) or better still, being able to do experiment yourself is 
of the greatest importance in understanding principles and meth: 
of science. a 

History of Science tells us that most of the notable discoveries 
in science have been made in a laboratory. So, for a systematic 
scientific training of a young mind a genuine laboratory practice 
is needed. Before starting an experiment in the laboratory, a student 
should follow the General Instructions as given below : 


(i Preparation for the Experiment. Before starting the 
experiment, the student must be crystal clear about the aim of the 
experiment that is what he is going to show by the experiment, ` As 
asecond step he should also be clear how it can be done and what 
are the various pieces of apparatus needed for the purpose. 


(ii) Performing the Experiment. Arrange the apparatus 
for the particular experiment carefully according to the instructions. 
for that experiment either given by the teacher or given in a g 
physics practical book. Now perform the experiment observing the 
precautions necessary for.the success of the experiment. 

(iii) Writing the Experiment in the Record Book. A neat 
and systematic writing of the experiment in the laboratory record 
book or file is equally important in achieving the success of the 


experiment. The students may write the experiment in the following 
manner. 


Screw & Screw Jack - 


51.01. Points to Remember 


(1) A Machine is a device by means of which a force applied 
at one point may be used to overcome another force applied at some 


other point. 


(2) In mechanics, there are six simple machines. ‘These are the 
Lever, the Pulley, the Wheel and Axle, theInclined Plane, the 
Screw and the Wedge. Other machines which we come across, 
are cither modifications of these simple machines or combination of 
two or more of them. 


(3) Effort: It is the force applied to a machine. 


(4) Load : It is the force against which a machine does work. 


(5) Mechanical Чаке (M.A.)— 


(6) Velocity Ratio — 


Load 
Effort ` 


Distance moved by the effort 
Distance moved by the load in the * 
same time 


Useful work done by a machine 


Effici = y a machine. S 
C) ciency — Тогат work put into the machine X 10075. = 


(8) Efficiency — 


` §1.02. Screw 


Mechanical Advantage (M.A. a 
Velocity Ratio (V.i&.) X 100%. 


It is a simple machine which may be regarded as an inclined 


Plane wound on 


a cylinder. Screws are normally made of metal. 


Fig. 1.2(a) represents а screw (also called Bolt) B through a nut Ns . 
B is a cylindrical piece of metal having a helical groove cut in it, thu 
leaving a projecting screw thread. A screw may be a single threaded 
or multi-threaded. Fountain pens usually have three threads. Threads 
of screws in common use are triangular or V-shaped as represented 


in Fig. 1.2(6). H 


is called the head of the screw. Screws are schemati 
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cally represented as in Fig. 1.2(c). "The distance (parallel to the axis) 
between two consecutive threads is called the pitch (p) of the screw. In 


(a) 
Fig. 1.2. Screw. (a) Square threaded screw. (b) Triangular (V-shaped) 
threaded screw, (c) Screw representation. 
the case of a single threaded screw, pitch is equal to the axial dis- 
tance moved by the screw when its head is given one complete rotation. 


§1.03, Demonstration Experiment No. 1 


Aim. To demonstrate the relation between a screw and an 
inclined plane. 


Apparatus. A cylindrical pencil, a shect of plane paper, a 
Scissors or a blade and an actual screw. 
Procedure. (i) Cut the paper sheet with scissors or blade in 


the form of a right triangle to have an inclined plane as shown in 
Fig. 1.3(b). 


(a) (b) 
Fig. 1.3. 


€ w 
(Б Relation between a scrcw and an inclined plane. (а) Pencil 
) Inclined plane. (c) Inclined plane wound on the pencil. 
(d) Actual screw. 
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(i) Wind the inclined plane paper on the pencil as shown in 
Fig. 1.3(c). 

(iii) Now compare the different layers of the paper wound on 
the pencil with actual threads of the screw which is shown ih 
Fig. 1.3(d). The slant lines of the layers [Fig. 1.3(c)] represent the 
thread 7 of the screw and the distance between two consecutive 
lines represents the pitch p. 

Conclusion. The above observations [Fig. 1.3(c)] reveal thdt 
а screw may be regarded as an inclined plane wound on a cylinder, 


51.04. Screw-Jack 
. It is а machine based оп the principle of screw. Screw-jack 
is used for lifting loads like automobiles, i.c., car, truck etc. 


Construction. Screw-jack consists of a hollow metal case A 
with a flat and heavy base (see Fig. 1.4). The case A has a hole H, 


LS 


- 


| e. 


in 
acl) 


Fig. 1.4. Screw-Jack. А 

the inner side of which is threaded to receive the square threaded 

Screw B. The load W, to be lifted, rests on the ‘collar C which 

is fitted on the screw head. The purpose of the collar C is to prevent 

the load from rotating with the screw head.* The screw is rotated with 

i Strong metal bar D which is slided inside a hole made in the screw 
ead. $ 


* Rotation of the load may also be avoided by attaching the bar D to the 
nut H ofthe Screw-Jack. Thus the screw head has only a linear motion. 
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Theory. Let the load W on the collar C (Fig. 1.4) be lifted 
by applying a force P (effort force) on the rod. D. such that its: 
point of application is at a distance of R from the axis of the screw. 
Also let us suppose that the effort P isacting in a horizontal plane 
and perpendicular to the length R of the rod D. For one complete 
rotation of the screw by the effort P, the axial distance moved by the: 
screw is equal to its pitch ‘p’. Thus 


Work done by the effort—P . 2xR 


and Work done on the load—W . р 

Assuming no wastage of energy due to rubbing of the screw, we 
can write 

W.p-P.?xR os И 
E F Mechanical advantage = E E 
rR Distance moved by the effort А 

But p Distance moved by the load in the same time 

or — —EF _Welocity Ratio (V-R.) 

5 M.A.—V.R. TUnder ideal conditions of no friction] 


ti 1) suggests that for larger mechanical advantage, 
arm zem qs VERUM the pitch p should be small. 


However, in actual practice, on account of rubbing between 
the screw ard its nut some friction is inevitable and so the useful 
work obtained is alw ws less than the work that should be got out from 
a screw without any friction. 


Thus the mechanical advantage (W/P) of a screw-jack is always 
less than its velocity ratio (2zR/p). Therefore, the efficiency of a 
screw-jack is always less than 100%. 
51.05. Demonstration Experiment No. 2 


Aim. To demonstrate the working of a screw-jack and to 
determine its M.A., V.R., aud cfficiency. 


Apparatus. A screw-jack, three pulleys, two hangers and 
weights, strong string, bricks ur stone pieces of different weights to 
act as loads and a balance. 


Procedure. (1) Let a student sit on the screw j i 
а s jack and raise 
himself by pushing the arm D (sce Fig. 1.4) of the Screw-jack with. 
one finger. 


(2) Remove the arm D from the screw-jack and replace it by. 
t a re E 
a suitable pulley P, ofa large diametce d with у! аз. 
1 g 4 r an grooved rim 


(3) Wind two strings round 
and pass them over two 
Attach the hangers to th 


the rim of the grooved 
other pulleys P. Bee pulley Ey 


Р, and Рз as shown in Fig. 1.5. 
bs e other ends of these strings, 
4) Put on the load W on the Screw-j 
í ў jack. Now the 
hangers some known equal weights. Go on adding Du weights 


SCREW AND SCREW JACK 5. 


on both the hangers till the hangers just start moving down. Note this 
value of the weights. Value of this weight is the effort P. Remove 
the weight W from the screw-jack and weigh it on a balance. 


W 


Fig. 1.5. Screw-Jack modified for determining its M.A., etc. 
(5) Take a series of observations for different loads W. 


(6) Measure the diameter of the pulley P,. Also measure the 


pitch p of the screw-jack with the help of the upperjaws of a 
vernier callipers. 


(7) Record the observations as tabulated below : 
(i) Diameter of the pulley P,—12" 


(it) Pitch of the screw =0'5" 
т Р (including the weight 
of the hanger) 
5:00 kg. wt. 0:160 kg. wt. ` 
Calculations : 
W 500 ,. 
M.A.=—, = O16 ^! 1 


=314х12х2=75°4 


Ейсепсу= МА х100= 4 x 100=41-3%. 


x, 2n(12/2) 
VR= == 


ack : 
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Result. The screw-jack has M.A.—31-1 
V.R.—75'4 апа Efficiency—41:397. 
Conclusion. Itis obvious from the result that for any screw- 


(i) М.А. of a screw-jack 1s less than its У.В. 
(ii) Efficiency of a screw-jack is much less than 10097. 


QUESTIONS 


1. Explain why it is easier to lift a load by moving it along an inclined. 
plane rather than lifting it vertically. 
2. 


For a machine why is its M.A. < V.R. ? 


3. Whyisan inclined plane called a machine ? 

4. Is there any mechanical advantage derived from a single fixed pulley ? 

d pulley called a machine ? 

What is the use of sharpening a blade or a knife ? 

Pick out the correct statements from the following : 

(a) In general the axial distance, 
given one complete rotation, 

(5) The axial distance moved 
plete rotation of its head 


If not, then why is a single fixe: 


moved by a screw when its head is 
is called the pitch. 


by a single threaded screw for one com- 
is equal to its pitch. 
fc) M.A. ofa Screw-jack is larger if its pitch is larger. 
M.A. ofa Screw-jack is larger if its pitch is smaller. 
(s) ihe collar of the head of a Screw-jack protects the screw. 
(f) The collar of a Screw-jack provides a large base to place the load, 
(g) The collar of a Screw-jack prevents the rotation of the load with 
the screw 


7. A railway portr carrying luggage on his head on a level platform 
moves from One place to another. Select the correct statement from 
the followings : 


He is paid for : 
(a) doing work and spendipg energy. 


(6) not doing work but for Spcnding energy. 
(c) doing nothing. 
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Centre of Gravity & Equilibrium 


$2.01. Points to Remember [ 

(1) A Force has three characteristics : its magnitude, its 
direction and its point of application. In the case pf Gravitational 
Force on a body of mass m, its magnitude-is mg, its direction is 
towards the centre of earth and its point of application is the 
Centre of Gravity. The Centre of Gravity of a body is ihe point 
through which the whole weight of the body may be considered to act, in 
whatever position the body is kept. ! 

(2) The Torque or Moment of a force is given by the 
relation : 

Moment-— Force х Perpendicular distance from the fulcrum 
to the force., 


The moment of the force acting on a body hasa turning effect 
on it. 

(3) When a lever is іп Equilibrium, (ie., its arm is hori- 
zontal), the total clockwise moment about the fulcrum is equal to 
the total anti-clockwise moment. ` 

(4) There are three kinds of the Equilibrium of bodies. 

(i) Stable Equilibrium. A body is said to be in stable 
equilibrium if when displaced slightly and then released, it returns to 
the original position. 

(ii) Unstable Equilibrium. А body is said to be in un- - 
stable equilibrium if when displaced slightly and then released, it 
moves farther from the original position. 

(iii Neutral Equilibrium. А body is said to be in neutral 
equilibrium if when displaced slightly and then released, it stays in 
the new position. 

(5) The centre of gravity of a rigid body may be either within 
the body or outside the body. , 3 
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§2.02. Demonstration Experiment No. 3 


Aim. To demonstrate that the whole weight of a body may 
be considered to act at a point called the centre of gravity (C.G.). 


Apparatus. A metrescale, weights, a knife edge shaped 
wedge, light cotton thread and a spring balance. 


Procedure. (i) Weigh the metre-scale AB with the spring 
balance. Let its weight be 200 gf. (See Fig. 2.1). 


Fig. 2.1. The weight of the scale is considered to act at a point called С.С. , 


(ii) Support the metre-scale on the knife-edge O such that the 
knife-edge is somewhere towards the end A. For one reading let the 
position of О be 20 cm. from the centre of the scale. 

(iii) Now attach a loop, made at one end of cotton thread, at a 
position of 10 cm. from the end А. Attach suitable weight to the 
other end of the thread so that the scale is balanced in the horizontal 
position. Note down this weight. 

(iv) Take similar observations by changing the positions of O, 
the positions of the loop and the weight. : 


(v) Tabulate the observations as given below : 
Observations. Weight of the metre-scale—200 gf. 


B. No. x wW Anti-clockwise moment 
=. 
ce e —— 
pomo | 200 gf 4,000 gf. 20 cm. 
3. 
4. 


Calculations : First reading : 
The anti-clockwise moment—200 x 20 gf. cm. 
—4,000 gf. cm. 


; CENTRE OF GRAVITY AND EQUILIBRIUM 
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For the balance of the beam the clockwise moment must be 
equal to 4,000 gf. cm. Since no weight is attached towards the right , 
hand side of the fulcrum O, therefore, this clockwise moment must be 

-due to the weight of the metre scale. If the point of application of 
this weight is at a distance of y cm. from O towards the end B, 


we get 
4,000200 . y 


(Since the weight of the scale is 200 gf.) 


y=20 cm. 


The point whose distance is 20 cm. from O towards B is the 


Mid-point of the scale, (i.¢., the position 50 cm.). 


Other Readings. Calculations similar to the above are made 
for all the readings. It will’be found that in each case, the point 


of application of the weight of metre-scale is the sa 
middle point of the scale. However, if the metre-scale is 
the С.С. may not be the middle point of the scale. 


me, i.e., the 
not uniform, 


Conclusion. We, therefore, conclude that the metre-scale 


behavesasif its whole weights were concentrated. at 


a point. In 


other words, the metre-scale is behaving in this experiment as if it 


were a light, weightless structure with all its weight 
at its С.С. This statement is true for any . position of 
What is true for the metre-scale in this regard is true for 


7 8203. Pupil's Activity No. 1 (a) 28 
Aim. To find the С.С. of a regular ог an irregular lamina 


using a plumb line. 
Apparatus. Plate of cardboard, metre-scale, р 
thread and a weight, a stand with clamp, and a thin pin. 


to its length and breadth 
a drawing paper, a thin sh 


concentrated 
the fulcrum. 
all bodies. 


Jumb-line or 
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i i ig. 2.2(a)] 
eory. When a body is suspended from a point O [Fig. 2.2(c 
other а i centre of gravity G, the body comes lo rest in а AE 
such that the C.G. is vertically below the point of suspension O. 20) an 
body is displaced from this Position as shown in Fig. 2.2( 
anti-clock moment of magnitude W.d acts about the point O so 3 $ 
bring the body back to the original position of Fig. 2.2(a), MUS 
the points O and G are on the same vertical line. Thus in the eq T 
rium position [Fig. 2.2(a)] in addition to the resultant force, t 
torque on the body must also be zero. 

Procedure. (1) Make small 


holes at three positions near the 
periphery of the lámina and 


suspend it with the help of the pin and 
the stand as shown in Fig. 2.3, 


(2) Suspend a plumb line P (may 
be made by Suspending a metal piece or 
weight with a thread), from the same 
pinin front of the lamina. Mark the 
point B somewhere near the lower edge 
of the lamina just behind the plumb line 
thread. While doing so, care should be 


taken neither to disturb the lamina nor 
the plumb line. 


(3) Remove the lamina from the 
stand. Join the line АВ. Now suspend 
the lamina through another hole C and 
repeat step (2) to get the line CD. The 
centre of gravity must lie on AB and CD 
both and therefore it is the point of 
-intersection of these two lines. 


ras EF by following step (2). The line EF 
ie suspended a аа Plumb should pass throu 
su 


gravity does _ not lie on it (See 
Fig. 2.4), join АВ, CD and EF with 
cotton thread held on by plasticine or 


quickfix. 


52.04. Pupils Activity „No. 1 b): 
Balancing Method for CG. w 
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Procedure. (l) Balance the object (thin sheet or lamina) on 
a long and straight edge S as shown іп Fig. 2.5(0). Mark the linc 
of balance AB along the edge with a sharp pencil. The С.С. must 
lie somewhere on this line. і 


(b) 
Fig. 2.5. To balance a lamina on a straight edge. 


(2) Now balance the sheet in some other position and] mark 
the balancing line ОР as in step (1). The С.С. must lie on the line 
АВ as well оп CD. Therefore the point of intersection G of the 
lines AB and CD is the centre of gravity as shown in Fig. 2.5(D). 


§2.05, Pupil's Activity No. 1(c) (Graphical Method for C.G.) 


Gentre of gravity of plane figures like a lamina may Бе located 
by this method provided the edges of the plane body are straight. 
A method for locating the C.G. of a triangular sheet [Fig. 2.6(2)] is 


discussed below. 
f lines parallel to BC and 


` Procedure. (l) Draw a series of lines, 
equally spaced, e.g., 1 mm. apart as shown in Fig. 2.6(b) 


A 


(a) b) b £ 
Fig. 26. Locating C.G. of triangle ABC by graphical method. 
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The C.G. of each strip lies half way along it. Hence the C.G. 
of the triangle lies on the line AD where D is the mid-point of BC. 


Ж (2) Now draw a similar set of lines parallel to AC as shown in 
Fig. 2.6(c). The С.С. of the triangle lies on BE where AE—E0. Thus 
the C.G. is at the point where AD and BE meet. 


"This method may also be followed. for any other shape of a 
plane sheet provided the edges of the sheet are straight. The sheet 
is divided into triangles and quadrilaterals with the help of a pencil 
and scale and finally the С.С. position may be located by the above 
Procedure and logic. 


§2.06. Pupil’s Activity No. 1(d) 


C.G. Location by Calculation. The centre of gravity of 
regular thin sheets may also be determined merely. by calculations, 
Without doing any experiment. The underlying Principle is that a 
body balances if supported on the tip of a pin at its C.G. One 
Specimen calculation is discussed bel 


Оуу. 
Problem. A small disc of radius R/2 is cut ‘out from a large 
disc of radius R as shown in Fig. 2.7(a). Find the position of the 
C.G. of the remaining portion of the large disc. ` 


(a) 


Fig. 2.7. e 


а unit area of the disc be m. 
а Ну the С.С. of the disc (deprived of th 


of € small disc portion) 

and small discs respectively, Are the centres of the large 
Logic. Su ini 2M 

on the line оо осо: of the remaining large disc is at Q 

disc system у] 


/ Also suppose that the co 
en P n аї 0, is replaced by a jr Dos de 
and the forces acting at 0' and G are the 
' П , 1 


its fulerum a 


г 
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weight W, of the smaller disc and the weight W, of the remaining 
large disc respectively as shown in Fig. 2.7(5). 


Mass of Ше complete large disc —mnR? m. 
Mass of the small cut out disc =nx(R!2)? m. 
—1zR? m. 
Mass of the remaining large disc — —zR? m —ázR* m. 
= {xR m. 
Weight of the remaining large disc 
W,—inzR* mg. (0) 
апа Weight of the small disc 
W,=icR? mg. s: (2 


Thus for the lever of Fig. 2.7(b). 


Since anti-clockwise moment=clockwise moment. 
pi у, .0a--w, . Ё. 
2 
ES vR? mg. og=+ TR? mg. z 
4 4 "E VA A 
from equations (1) and (2, 
LL tek? mg. R2 _ R (3) 
ixR!mg. 6 X 
"Therefore the C.G. of the remaining large disc is at G which is 
at a distance R/6 from the centre of the large disc on the line 00". 


08 


The logic of the above calculation may be applied to other 
cases of this type. The C.G. in such cases may also be determined 
by the experimental methods discussed above. ` 
§2.07. Suggested Pupil’s Activity 

Students may try to locate the C.G. of a laboratory stool or an 
iron tripod or even a chair by the plumb line method. More skill 
and ingenuity are required to conduct this experiment in comparison 
with the simple cases of a lamina. Skill and ingenuity will be required 
in suspending the object in such a way thatthe plumb line positions 
can be located by the lengths of thin threads fixed with plasticine 


or quickfix. 
1952.08. Types of Equilibrium 


We have already discussed in 82.03 with the help of Fig. 2.2(a) 
and (b) that a body will be in equilibrium when (i) the resultant force 
acting on it is zero and (ii) the resultant moment of the forces acting 
on it is zero. 4 

"These two conditions of equilibrium for a body may be satisfied 
for different positions of it. But for some ofthese positions the 
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equilibrium of the bod: 
` ing to the degree of s 
Stable, Unstable a 
aspect of equilibriu 
experiment. 


y may be more stable than the other. Accords 
tability of the equilibrium, there are three quen: 
nd Neutral equilibrium. To understand this 
m let us consider the following demonstration 


$2.09. Demonstration Experiment No. 4 Р Oe 

Aim. To demonstrate the three types of equilibrium о; resi 
of a body, i.e., (i) Stable, (či) Unstable and (3) Neutral equili- 
brium. 


Apparatus. A wooden or metallic cone, a cvlinder (metallic 
or wooden), a glass or steel b; 


ead, a watch glass, a plane surface like 
drawing board and spirit lev 


el. 
Procedure. (1) Level the drawing board with the help of 
the spirit level, 


(2) Place the cone, and the cylinder on the drawing board as 
Shown in Fig. 2.8 (а) and Fig. 2.8 (6,) respectively. Also place the 
bead on the concave surface of the watch glass as shown in Fig. 2.8 
(3) Displace, slightly, the cone, the cylinder and the bead one 
by one from their above positions, Let their displaced positions be 
shown by Figs, 2.8 (а), (0,) and (C3) respectively. Now release them. 
You Will observe that all the three come back to their original 
positions. Therefore the Equilibrium represented by Figs, 2.8 (a,), 
(b) and (c1) is Stable. 


Ў cone with its a 
board as shown in Fi 


Aus ri one in thi 
Similarly the equilibrium of the Cylinder and the bead as shown in 
Fig. 2.8 (6,) and бз) is Unstable, 


4 (5) Next Put all the three bodies on the board in the positions 
as shown in Fig, 2.8 (a5), (b;), (с). Now roll them one by one and 
en release them, 


at do you observe ? The 
and the bead all the three remain in t 


Equilibrium is Neutral, i.e., the bo 
tions they are kept. 
А p Explanatio c quisites of equilibrium of rest 
ot a body, as we ussed in the eginning of this article, the 
bodies in the positions of Figs, 2.8 ( 

s 


т), (4), (45), (b,), (ba), (bs), (e), 


So because 


Cone, the cylinder 
heir new positions. Hence the 
dies remain in whatever posi- 


- Iti 


ibrium is different in 0,2096 that the degree of stability of these equi- 

librium is differ езе positions, T slig T iy ge ey q 
oint of 

€ body back is its ori Support or со 
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(b), (C3)] or may turn the body farther away from its origi al positi 
2 7 ginal position 
[as in Fig. 2.8 (ay), (b), (оз)]. Inallthe cases represented [Fig. 2.8 


Fig. 2.8. Demonstration of Types of Equilibrium. 


(as), (bs), (с)] no moment acts on the bodies in the displaced posi- 
tions, since the C.G. is always vertically above the point of support 
or contact. 

It may also be noticed that the С.С. is raised in the disturbed 
positions of the bodies as shown in Fig. 2.8 (ag), (ba), (Ca). Itis 
lowered in the disturbed positions as indicated in Fig. 2.8 (a4), (б), 
(сз). The С.С. is unchanged in the vertical direction for the dis- 
turbed positions of the bodies as shown in Fig. 2.8 (as); (bs), (c4). 

Thus from the above observations and the explanations we 
fore sae that the equilibrium of rest, is of three types as defined 

elow : 
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le Equilibrium. A body issaid to be in stable *equili- 
D i disturbed slightly and then released, it returns to ш 
original position. In the disturbed position, the C.G. is raised an 
a moment acts on the body about the point of support or contact, 
which helps in bringing the body back to its original position. 


table Equilibrium. A body is said to be in unstable 
cM if disturbed slightly and then released, it moves farther 


away from its original position. In the disturbed position, the C.G. is 


the point of support 
lowered and a moment acts on the body about poin 1р 
2 contact, which rotates the body farther from the original position. 


Neutral Equilibrium. A-body is said to be in neutral equili- 
brium if disturbed slightly and then released, it stays.in its new 


position. In the disturbed position neither the С.С. is raised nor 
any moment acts on the body. 


A careful inspection of Fig. 2.8 (а,), (ba) reveals that the 
equilibrium remains stable so long as the vertical line through 
the C.G. falls within the base. It may be concluded that the stability - 
of equilibrium of a body is increased by 


(1) Increasing the Base Area, and 


(2) Lowering the Centre of Gravity. 


$210. Examples of Equilibrium from Daily Life 


(i) Self-Erecting Toys. These toys are designed so that 

thev always stand erect. These toys have a curved (semi-. 
= Don, hemispherical) base whose C.G. is 

` below its centre of curvature, When 

the toy is tilted its С.С. is raised 

and also the point of contact with the 
support shifts. As a result a restoring 
moment acts on the toy about the 


y point of contact which brings it hack 
Fig.29. Self-Erecting Toy. EU Ораша! position as shown in 
ig. 2.9. 


(i)&Indian Lola and Palili. Indian Lota and Palili used in 
kitchen are designed such that they h 


ave lower C.G. positions, Thus. 


(a) 7 (5) (с) d) 
Fig. 2.10. Indian Lota. Indian РА 
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they are made heavy bottom. When they are tilted they easily come 
back to their original positions as shown in Fig. 2.10. It is interesting 
to note that a patili can be tilted through 90°, even then it remains 
in the stable equilibrium. 

(iii) A human child walks with the help of his hands and feet 
and falls when he tries to stand. He has to practise to train himself 
in such a way, that the vertical line 
passing through his centre of gra- 
vity falls within his two feet. On 
thc other hand a cow baby can 
easily run because the area below 
his feet is large as it stands on his 
four feet. Thus even in tilted 
position the vertical line through his 
C.G. is within its feet. 

(iv) Observe carefully the z 
following phenomena and explain (a) Fig. 2.11. — (5b) 
them with reference to the stability (a) Man carrying a pail of water, 
of equilibrium. (6) A porter has to lean. 

(a) A double decker bus taking a turn. 

(b) A tight rope walker with a long pole or umbrella in hand. 

(c) A bullock cart loaded with hay. 

_(v) A man carrying a pail of water in one hand, leans to the 
other side as shown in Fig. 2.11-(a). A porter has to leans forward 
while carrying a load on his back as shown in Fig. 2:11 (D). Explain 
these phenomena. - . 


QUESTIONS 
1. Complete the following with suitable word or words. 


(a) The point where the whole weight of a body acts is called its...... 
(6) A body is said to be in equilibrium of rest when the resultan 


“equilibrium. 
2. Complete the following statements with suitable words sclected from 
those given in the brackets :— 
(a) Positions of centre of gravity and centre of mass of a body are....... 
[same, different] 


_ (b) For stable equilibrium, the base of the body should be as......as 

possible, 3 - ' [small, large] 
(c) When a body in unstable equilibrium is disturbed, its C.G. is....... 

[unchanged, raised, lowered] 

(d) A body topples over when the vertical line through its С.С. fal]s...... 

its base. [outside, within] 

(с) A cart carrying one quintal of iron is upset...... than а cart full of one 

quintal of loose cotton. [more easily, less easily] 


E 
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3. Several answers have been given for each of the following statements. | 
Select the correct answer. 


(а) A man while carrying a load on his back, leans...... 
» (ї) forward ; (ii) backward ; (iii) does not lean. 
(b) A 


i hand, (ii) leans towards his right hand 
(iii) does not lean. 


(c) Lead or mercury is used in the lower 
(0 raise its С.С. (її) lower its C.G, 
(d) Standing passengers are not allowed in the upper deck 


part of a hydrometer to 


of a double 
decker bus beca; y 


© it 
(ii) the heads of the passengers may collide with the roof. 
(iii) the C.G. of the bus is rai 


(b) A body cannot be in stable e 
the body itself. 


the bo Ae A body may be in stable equilibrium even if its C.G. 


a4 (4) Trucks, Cars, 
equilibrium. 


3 


Couple 


$3.01. Points to Remember 


(1) Paraliel Like Forces. It is always possible to find the 
resultant of parallel and like forces (i.e. the forces which act along the 
same direction parallel to each other) acing on a body. Thus such 
forces can be represented by a Single force. 


(2) Parallel Unlike Forces. Inthe case of parallel unlike 
forces acting along the same line (i.e. forces acting in the opposite 
directions) also it is possible to find their resultant so that they may 
be represented by a Single force. 


(3) But in the case of parailelunlike forces of equal magnitudes 
which do not act along the same line, it is not possible to reduce 
them to a single force. Under the action ať such a force a body 
will only rotate. In general, any system of forces which tends to 
Cause rotation only, is called a Coupie. A specific definition of a 
couple is given below. 1 


(4) Couple. A couple is a pair of equal and! opposite parallel 
forces which do not act along the same line. 


(5) Moment of a Couple. It is the product of either force 
constituting the couple and the perpendicular distance between them, 


(6) Properties of a Couple. (a) The effect of a couple is to 
produce only rotational motion in the body. ү 


(6) A couple may be balanced (or its rotating effect may be 
cancelled) only by another couple of cqual and Opposite moment 
applied either in the same plane or in a parallel plane, 


(c) The moment of a couple is iadcpendent of the position of the 
Point about which the body rotates. 


„.(@) The effect of a couple is unaltered by shifting it to another 
Position in the same plane or in a parallel plane. 
The above properties of a couple may be demonstrated by the 


following experime ; 
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83.02. Demonstration Experiment No. 4. 


Aim. To demonstrate the properties of a couple. 


pulley i hangers, 
paratus. A rod, four pulleys, weights and four 
ened Feed spot like a stand or hook fixed in a ceiling and a 
protractor. 


the rod AB vertically by the string 
age gees Hang F attached at A, the other end of 
mt 3 the string being attached to a 

G 


fixed support C as shown .in 
Fig. 3:1. 


ў (2) Apply two equal, 
opposite and parallel forces 
P,P at the positions D and E, 
by means of the strings, two 
pulleys, and weights. Also 
apply another pair of forces 

> Q at the positions F and G 
by similar means. The pair of 
forces P, P and Q, Q constitute 
two couples trying to rotate the 

-rdd AB in opposite directions, 
The forces P, P and Q, 
should be made horizontal, 


(8) Now adjust the values 
of the weights such that the rod 


remains vertical. Under 
this condition it will be found 


that the following €quation is 
Fig. 3.1. Couples due to forces PP and satisfied : 
QQ are clockwise and anti-clockwise 


directions respectively. 


? Moment of the couple due EXIT Moment of the couple düe to 
Б. | to forces PP (clockwise) |= 


L forces QQ (Anti-clockwise) 
uples, (say QQ), and then 

balance the couple duc to PP by ji ek 

one finger on the rod АВ. 


cu will observe that the rod though 
shifts in the side direction but it still continues rotating, So it is not 
possible to balance it, Thus we conclude fr 
can be balanced only 


om above that q couple 
9 same moment. Als 

couple cannot be balanced by a single force. i, 

(5) Repeat Steps (2) and (3) by inclining the 

he horizonal a inclini 

1 t angle, but arránging 

is again vertical. 3 tions it will be found that in this 
wing relation is satisfied 9 


P. DE=Q. ра 


(4) Now remove onc of the со 


- ^ 
te.. e aren vere fe Ge 


VoU Ace. No. REOR 


f perpendicular distance  _ f perpendicular distance — 
P. | between the lines of action | —Q. | between the lines of action | 
L of the forces PP J Lof the forces QQ. 2] 


$3.03. Examples of couple from Daily Life 
(i) Use of water tap. To open or to close a water tap we apply 

а couple. The two forces, to constitute the couple, are applied, with 
thumb and fore finger as shown in Fig. 3.2. 

(ti) To remove or to tighten the cap of vessels like inkpot, we 
apply a couple with our fingers. 

(iii) А house-wife applies couple to the stem of the churner 
when she wishes to churn curd. 


Fig. 3.2. To open or Fig. 33. Coup!c is applied to 
close a tap. steeirng wheel, 
(iv) A couple is applied by the hands of a driver to his motor 
саг stecring to give a turn to it as shown in Fig. 3.3. 
4 (v) A cyclist, usually, applies a couple to the handle to turn it 
with his hands. 
QUESTIONS = 
- 1. Complete the following statements with suitable words selecting from 
those given in brackets :— 
. . (a) Two equal, parallel and opposite forces acting along different lines of 
action on a rigid body constitute а...... [single force, moment, couple] 
(b) A couple......balanced by a single force. [сап be, cannot be] 
(c) The moment of a couple is......about different points in its plane. 
[the same, different] 
(d) A couple......be balanced by another couple of the same moment acting + 


in a parallel pJane. -  [can, cannot] 
(е) A Гогсе......а definite point of application, whilst a couple....... 

a [has, has not] 

Cf) Moment of a force...... on the point about which the body rotates and 

the moment of a couple......upon a similar point. [depends, does not depend] 


2. Explain why it is easier to open the cap of a pen with the help of two 
fingers than with onc finger. 
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Banking of Curves 


| 4.01. Points to Remember 


п. The motion of a body, 
tspeed on the circumference of a circle is 
alled uniform circular motion. 
| (2) A body tion has constant speed but 
cause the direction of its motion. 


| hanges continuously, The body, erefore, has an acceleration. and 


2 
Centripetal’ Acceleration а=: 


“here v is the linear s 


у and r is the radius of the 
\тсшаг path. The centripetal force whi i 
wards the centre 


here m is mass of the body. The centripetal force Ment m 
“lation is necessary for holding a body ; Ben by this 


Y 1n uniform circular Motion. 
(3) According to Newton’s thir 


| d law of motion another f, 

hi chis equal in magnitude and OPPosite in dire Sabe ee 
tal for 

| 


i ction to the i- 
се comes into play. This force is known centrifugal fot 
1.02. Banking of Curves 


Whenever a car moves on 


| the curved 
|quires a centripetal force. 


If the centripetal 
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portion of 4 road, it 
force is mi 


ssing Or is 
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insufficient, the car may slip away from the centre.. The slipping 
of car is known as skidding. 


Ordinarily this centripetal force is supplied by the frictional 
_ force Fy between the road and tyre of the wheel as indicated in 
+— Fig. 4.1 (a). But, in the case of a sharp curve and high speed of the 
. car, the frictional force may be insufficient to su 
centri 


ID" 
(a) (5) 
Fig. 4.1. A moving car on a curved road rcquires a centripetal force, 
moving On the curve of (a) plane (Б) banked road. 


; Let us understand how this inclination or Banking of the road- 
bed at curves helps in providing the centripetal force. 


| Suppose a car of mass m moves with linear speed y along a 
circular curve of radius r as shown in Fig. 4.1 (a). When the road 
itself is horizontal, neither mg пог №, the reaction, has a horizontal 
component. In this case only the frictional force Fy is available. to 
‚provide centripetal force. Thus 

v? 


Ку=т.—— (1) 


= 


According to this equation, as v becomes larger, 
force у must increase, If the limiting friction LN is exceeded, the 
var skids i.e. tends to continue on a curve of larger radius у than that 

ОҒ the road itself. Here p is the coefficient of the friction. 

A If the roadway is slightly banked at an angle 6, 

Pig. 4.1 (b), both N and PF; have horizontal components directed 

p»wards the centre О. This implies that less frictional force is requir- 
Let us analyse the problem algebraically : 


X ^ Since the net force on the car in the vertical direction is zero, 


the frictional 


t [from Fig, 4+ (5)]. 
У cos — Р; sin 0— mg=O ---(2) 
For the horizontal motion we have 


3 v? 
N sin 04-Р, cos 6=m = 
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By eliminating N from equations (2) and (3) we get (the steps 
for elimination are left to the reader) 


Fy mv? 


кату, й -«(4) 
S ee m.g. tan 6 ( 


Now the question is that how steeply should a road be banked ? 
To obtain the optimum condition, let us consider the worst possible 


situation when the frictional force Ру is absent. In such a case equ- 
ation (4) reduces to 


2 
tan 9—-? ...(5) 
Tg 


In equation (5) r andg are cons 
therefore the An: 
larger for larger 
with a curve 
gradually bec 
at higher spe 


tant for a given curve and 
gle of Banking @ depends only on the speed v, being 
speeds. For the cars of different speeds to negotiate 
› the banking angle is graduated. The banking angle 
omes steeper towards the outside edge. Cars moving 
eds keep towards the outer edge and those with smaller 


speeds keep towards the inner side. 


When the s 
equation (5), 


pecd of a car is more than the limit prescribed by 
the frictional forces would have to be relied upon to 

prevent the car from skidding wp the 
bank. Similarly if a cautious driver 
negotiates a curve at a speed less than 
the design velocity (again given by eqn. 
5) the frictional forces again would 
have to be relied upon to prevent the 
car from skidding down the banked 
roadways. 

Similarly trains also negotiate with 
the curved railway lines due to banking 
ofthelines, At the curves or the bends 
of the lines, the outer rail is placed a 


little higher than the inner one as indi- 
Fig. 42. A train negotiating a cated in Fig. 42. The train moves on 
banked lines of a turn. banked lines with i i 


the horizontal. 
§4.03. Demonstration Experiment No. 5, 


Aim. To demonstrate the effect of banking of curves, 
Apparatus. A toy train with 


А its curved lines, а t b 
which runs on its curved track Screw-driv 2 оу bus 
-driver, А 
wood etc. ч › а few small Strips of 


Procedure. (i) Wind the spri ft i ы 
its key tightly and let it run on its hee (Ge ne Шу ру rotating 
train docs not skid outwards, make the changes as below eer d 
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(ii) Dismantle the lines from its board with the help of screw 
driver. Bend them further at the curves so that if the step (i) is 
repeated the toy train falls outside, while moving on the rails. 

(iit) Now, for this set curvature of the lines, make another 
suitable alteration by kecping the outer rail slightly higher than the 
inner one. The rails are now banked at the curve. 

(iv) Repeat step (i) on the banked curve. You will note. that 
the toy train does not go off the track. 

(v) Make similar experiment with the toy car by inclining the 
‘surface of its track with the help of small strips of wood. 


Fig. 4:3. A toy train moving on a circular ‘‘Banked” rails. 


Conclusion, After banking the lines or the roads on curves a 
‘speedy train or a car can run without skidding. 
| QUESTIONS 


i 1. Fill up the blanks іп the following statements with suitable word or 
"words :— 5 
.; (a) A body in uniform circular motion moves with...... speed but with a 


(b) If the earth stops rotating, the weight of bodies...... 


(c) When a cyclist takes a turn, he leans...... 
(d) Centripetal force is directed...... the centre. 


(e) Centrifugal force is directed...... the centre. 


2. Select the correct answers from the following statements :— 
(a) Formula for centripetal force is 
mv mr my? 


©) TM. Gi) i) E, 
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essential for speedy 
(i):cars, (ii) motor 


cylisi, (ii) trains, (iv) Rickshawala, (v) cyclist. 
(&) A highly banked curved road is very suitable for 


(0 a speedy car, (i) slow moving Саг, (i/i) a camel cart loaded with, 
| hay and moving slowly. 
(f) An astronaut orbiting round the earth feels 
(D weightless. (її) heavy weight, (iii) no change in weight, 
(g) The curved tracks are banked to Provide the necessary 
() centrifugal force, (ii) ce 


entripetal force, (ЇЙ) mechanical advantage, 
(iv) drainage of water due to heavy rains, 


| (h) The angle of banking depends upon. 
| G) the weight of the moving car. 

\ (ii) the speed of the саг. 

Ni (iii) the radius of the curved track, 
} (iv) the width of the road bed. . 
| @ The angle of banking Ө given by the relation tan = 
(i) takes into account the frictional forces, ` 

(ii) does not take into account the frictiona] forces. 
|| (J) А car moving with a 


Speed higher than that given by tan p=?” 
| fBotiates the curve safely ; 


LT. » 
r.g 
j (0 by chance, (if) due to the frictional forces between the road and 
2 wheel tyres, (iii) on account of his accurate driving. 
| (k) Banking of the Curves is graduated 


(i) because of the im; 


регѓесіпеѕѕ of construction of the road. 
| (ii) to accommodate 


the cars of wide Tange of speeds, 


5 


Sound 


5501. Points to Remember 3 
(1) Sound is produced by vibratory 1 motion of material parti- 

. Sound requires a material medium foir its propagation and it 
cannot travel in vacuum. 
(2) Sound travels in the form of wave s. These waves may be 
ither Longitudinal or Transverse as discussed below. 


(3) Longitudinal Waves. These are the waves in which the 
articles of the medium in which the wave travels, vibrate along the 
е line along which the wave propagates as shown in Fig. 5.1. 


ПОЛИТ 


R 


N 


Fig. 5.1. Compressions (C) and Rarefactions (R) produced 
by a vibrating tuning fork Е. 

s the prong of the tuning fork vibrates, it presses the air particles 

front of it, which in turn press the particles next to them and 
¢@essure is passed on to the successive layers of the medium. In this 
eroces sompressions О and rarefactions Ë are formed as shown 

iFig.5.l. Sound always propagates in the form of longitudinal 
waves In gases and in some liquids. In solids, it may travel as 
ngitudinal waves or as transverse waves. 


( 
‹ 
; 
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(4) Transverse Waves. These are the waves in шше 
particles of the medium in which the wave propagates, vibrate ^ ES 
a line which is perpendicular to the direction of propagation o 
‘wave. Sound travels in the form of transverse waves in strings. 

. The number of vibrations made ia ‚опе 
deo E ieu mtm body is called its frequency. The unit of 
frequency is Hertz, usually written as H,. It is defined as one сус 
(or vibration) per second. 3 Sed. 

6) Time Period. The time taken by a particle or body 
ced one vibration is called its time period. If n and T ue : m 
frequency and the time period of a vibrating body respectively n 
‘it is clear from the above definition that 


ndr 0) 


(7) Wave Leugth. (Reference Fig. 5.1). 


It is the distance covered by one compression pulse C and one 
rarefaction pluse R together, i.e., the distance through which the 
disturbance travels in the time equal to the time period. Thus the 
velocity v of the wave is given by 


À- 
Ж 
where А is the wavelength of the wave. Substit 
from cquation (1) in this equation, we get 


v—mnÀ 


uting the value of Т 


-.. (2) 
(8) Velocity.. The velocity of sound is proportional to 
A ко Pressure and density refer to the’ medium in which 


sound is travelling. Since at a constant 
(Pressure/density) is constant for a gas and he 
às independent of pressure. The effects o 
on the velocity of sound are as under 


(i) Temperature Effect, 


temperature the ratio 
nce the velocity of sound 
f other atmospheric conditions 


r The velocity of sound increases 
with temperature. 

(ii) Humidity Effect. Velocity of sound in humid air is 
more than in dry air. 


Regarding the effect of the medium, the velocity of sound in 
water is about four times more in ai 


Also sound travels much faster i 


§5.02. Demonstration Experiment No. 6 (a) 


Aim. To demonstrate with the help ofa Crova's Disc how 
‘compressions and rarefactions travel in 


a Longitudinal Wave. 
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Apparatus. ^A square piece of stout paper or thin card-board, 
another strip of card-board, white paper, a scissors, arrangement to, 
draw circles on the white paper with ink and a nail. 


Procedure 


(а) Preparation of Crova's Disc. Paste white paper on a 
square card-board and draw a small circle at the centre of the pasted 
paper. Mark equidistant points as 1, 2, 3,...... , 8 en the circumference. 
of this circle as shown in Fig. 5.2." 


Fig. 5.2. Crova's Disc is used to demonstrate 
“Longitudinal Waves". 


Now taking point 1 as centre, draw а circle of such a radius 
that it does not touch the previous circle. Then take point 2 as the 
centre and draw another circle of slightly larger radius. Using the 
remaining points 3, 4,...... ‚8 also successively as centres, a set of 
circles of progressively increasing radii are drawn. Now another set 
of circles is drawn again by taking the points 1, 2,...... › 8 as centres 
as shown in Fig. 5.2. When the drawing of.the circles is complete. 
cut the card-board in the form ofa disc with a scissors. "This dise 
is now put pinned with a nail at the centre of the smallest circle so 
that the disc may be rotated. Then a slit is cut out of a card-board 
strip and is placed in front of the disc as shown in Fig. 5.2. 


(0) Demonstration. The disc is rotated by holding the jit 
stationary. The circular lines are seen through the slit moving 
towards the right hand side. It looks as if the circular lines are 


30 A NEW APPitOACH TO PRACTICAL PHYSICS 


coming closer and after combining, they .are separating slowly from 


each other in succession. The idea of combining of the lines illustrate 
the compression and the separation illustrates the iclea of Bare 
faction. Also it is illustrated that the compression, the ra wrefaction an 

the wave move in the same direction i.e. towards right лапа side in 
this case. Each individual layer (3.e., circular line) simp ly oscillates 
about a mean position. The Particles of the medium oscillate along 


the direction of the wave travel, hence, such a wave is пап aed as longi- 
tudinal wave. 


The idea of longitudinal waves may also be demons strated by 
the following experiements. 


Demonstration Experiment 6 (b). 


To demonstrate the longitudinal wave motion with the help of a 
helical spring. < 


Fig. 5.3. Spring *S" is hanging to demonstrate the 
longitudinal waves, 


Compressions and rarefactions in a longitudinal wave can also. 
be demonstrated by suspending a helical s ring of 1 th by 
means of threads as shown in Fig. 5.3. ies LU NT 


On pushing the end А of the spri i d 
í pring suddenly forward, the en 
part becomes compressed. This part will try to и ва position — 
and in doing so, it will compre the spring in front of it. 

1 i Z her епа В of the spring. 
Thus, if one end of the spri ulled in a 
Periodic manner, longi Раа E 
tion will be seen t 1 i 

A n of the spring executes to 

HORA mn оош its mean positio; along the Шеп of travel 
pulses of compressions and i й ero 

do not move bodily as s whole, ike О 


sound waves propagate 
y move about their mean 


2 


Ej 
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-Demonstration Experiment No. 6 (c) 
Longitudinal waves or compression waves can also be easily and 


“conveniently demonstrated by the method discussed below. 


Fig. 5.4. Grooved plank and glass beads to demonstrate 
the mechanism of longitudinal wave propagation, 


Arrange for a few glass beads and a wooden beam W having 


‘groove G in which the beads can be put as shown in Fig. 5.4, 


Put the beads touching one another, in the groove. Strike one 
bead against the end A of the row of the beads. You will observe 
that one bead flies apart at the other end В. The reason is that when 
the bead at A is struck, it is momentarily compressed. In recoveri g 
its shape it compresses the bead in front of it, and so on along the 
row. The last but one drives out the last bead in regaining its 
position. Thus a wave of compression travels down the row. If two 
beads in contact be driven against A, two will fly off at B. This is 
because now, two compression waves, one following the other, pass 
down the row. 

М.В. (i) For the success of the experiement the beads should 
be elastic like steel balls or glass balls etc. 


(ii) This apparatus can also be demonstrated for the conserva- 
tion of momentum and energy. 


$5.05. Demonstration Expt. No. 7 (a) 


Aim. To demonstrate the Transverse Wave Motion. 


Apparatus. A "transverse wave model" which is very popular 
and commonly available from scientific dealers is shown in Fig. 5.5. 


UR 


Fig. 5.5. Transverse wave model, 
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Construction. The “wave model” consists of a number of 
straight rods of equal length each of which carries a small bead at its 
top to represent a particle of the medium. These rods are placed at 


equal spacings parallel to one an other in a frame of a stand. Each rod. 


rests on an eccentric disc D and passes through a hole provided for it, 

fitting loosely іп a_cross-piece AB held horizontally by the stand. 

All the eccentric discs have a common spindle (SP) which can be- 
rotated by the handle (Н). 


Demonstration. Rotate the handle continuously and observe- 


the motion of thc balls at the tips of the rods. You will observe that 
each ball undergoes а periodic up and down motion and a wave form 
travels from one end to the other as shown in Fig. 5.5. The direction 


of motion of each ball is perpendicular or transverse to the direction of * 


propagation of the wave. Hence, such a wave is known as a transverse 
wave. 


Demonstration Expt. No 7 (6). Transverse wave motion can 
also be demonstrated by another model which may be prepared as 
discussed below. 


Construction of the model : 


"Take a piece of thin card-board and draw lines parallel to one. 
an other and equally spaced at a distance of about 2 mm as shown in 
He 5.6 (a). Now alternate strips are cut with a sharp blade and 
Sc MEME A so that there are equally spaced parallel slits in the 

ard. Paint this sheet completely with black colour. Draw- 


Fig 5.6. dinners Wave Mou: 
rawii i 
(а) Slits cut in PIC NM a 
(b) wave cut in another paper 
(c) Slit and wave papers combined to sh 
wave motion. Y 


el prepared out of 
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two wave curves parallel to each other at a spacing of 2 mm. on. 
another long card-board strip as shown in Fig. 5.6 (6). Cut out the 
space between these wave curves with the sharp blade. Now insert 
the wave curve card-board strip into the grooves of the slit card- 
board of Fig. 5.6 (a) as shown in Fig. 5.6 (c). 3 

Demonstration. Insert the wave strip in the slit strip. Facing- 
the wave strip throw light from the back of the slit strip with the help- 
ofa mirror and then slide the wave strip along, you will observe 
clearly the forward 1inotion of a wave associated with up and down 
d.e., transverse motion of illuminated spots. The transverse motion 
of the illuminated, spots corresponds to the transverse vibration of a 
string in which a sound wave is passing along the length of the string 
as in the case of a sonometer or Iktara, about which we shall discuss 
later in this chapter. 


Demonstration No. 7 (c) 
Transverse wave motion can be demonstrated by the well-known 
Pappie Tank Apparatus” commonly available from scientific 
ealers. 


Demonstration No. 7 (d) 
Transverse wave motion can also be demonstrated with the help 
of “clay-balls”. : 
Preparation. Eight or ten clay balls are prepared. Care should 
be taken to fix a thread in the balls while these are wet. When the 
balls becorne dry, suspend them with a rigid support S as shown in 


SS. Fig. 5.7. Transverse wave travels along the carve from the right 


to the left when the end ball is displaced in the direction F. 
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Fig. 5 7 such that the centres of all the balls lie along the same hori- 
ES Iine and also the balls touch each other. 


i i i he extreme right 
tion. Displace slightly the ball at ў 
d i 4 direction F perpendicular to the line joining the CHUA ОКА 
Hc balls and then release it. You will Rr ique shat Se SEDIT ax 
Ec E EX UN А esce і 
while recovering its original rest position displaces th 1 үе 
is di 1 d in succession. Finally, it reac’ 
this way this disturbance is conveye' ona yait reaches 
ther end. Notice keenly that the balls are 
Ae e ешеш to the eon e pei ie А две 
in thi ‹ i t along the - 
e in this case travels from the right to the le [ 
ti the centres of all the balls. Hence, this is transverse узус motion, 


§5.04. Resonance 
Resonance is said to occur whenever a body or a system is set 
into oscillations due to sound vibrations coming from some other 


source in such a way that the frequency of the forcing source equals 
the natural frequency of the body. 


Demonstration Experiment No. 8 


. Aim. To demonstrate resonance of Air-Column closed at one 
end. 
Apparatus. A glass tube of about 3 cm. internal diameter and 

: PTT open at both ends, a glass -jar containing . 
water in which the glass tube’ may be 
dipped as shown in Fig. 5.8, a stand, a 
half-metre scale, a tuning fork of fre- 
quency 512 Hz or 480 Hz and a rubber 
pad. 
Procedure 


Fig. 5.8. 


(2) Strike the prong of the tuning 
fork on the rubber pad. and place it above 
the open end of the tube (Fig. 5.8). You 
may hear some sound. 


(3) Now repeat step (2) by increasing 
the length of air column between the 
wator surface and the end A of the tube; 
You will observe that the loudness of the 
sound heard, increases near 17 cm. 
and finally, for a correct adjustment, ‘it 
becomes maximum such that even a 
student sitting in the distant corner can 
easily listen to it. When the intensity . 
Fig. 5.8. Glass tube АВ . Of the sound heard becomes maximum, 
dipped in water contained the air column is said to vibrate due to 
. in a glass jar J. "resonance", 


(1) Set the apparatus as shownrin 
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Explanation. Let us understand with the help of Fig. 5.9 what 
happens when the air column resonates. Let us start considering the 
case when the lower prong of the tuning fork isin its extreme upper 
position. As the prong moves through halfa vibration, it sends a 
pulse of compression down the tube which is reflected from the 
water surface in the tube and reaches back to the mouth of the tube as 
shown in Fig. 5.9 (a). Under the condition of resonance, the moment ~~ 
the compression reaches the top of the tube, the prong just reaches ` 
its lowest position and is ready for upward movement. When the 
prong starts moving upward from the lowest extreme position, it 
sends a rarefaction down the tube as shown in Fig. 5.9 (b). This 
rarefaction too is reflected by the water surface and returns back to 
the mouth of the tube in the time in which the prong completes one 
vibration. At this stage the fork has completed one complete vibra- 
tion and has sent out one complete wave-length of sound wave. The 


Here | 


(а) (b) (c) (4) 
Fig. 5.9. (а) Compression moves down and up. 
(b) Rarefaction moves down and up. 
(c) Representation of stationary waves for Ist position of resonance. 
(d) Representation of stationary waves for 2nd position resonance 
(this drawing is to a different scale). 
‘resonating length of the tube is travelled twice by the compression and 
twice by the rarefaction corresponding to one wave length. Therefore 
the resonating length. (l) of the tube is one quarter (АЈА) of a wave length. 
Similarly it may be argued that in the second position of 
resonance, the fork completes three vibrations in the time the sound 
travels four times (two times compression and two times rarefaction) 
the length of the tube. Therefore, in this case the length of the air 
column is equal to three quarters of a wave length as shown in 
Fig. 5.9 (d). 
N.B. Owing to the difficulty of representing compression and 
rarefaction of a longitudinal wave diagrammatically it is customary to 
represent them by the method of transverse wave curve as shown in 
Fig. 5.9 (c) and (d). > 
End Correction. It was found theoretically by Lord Ray- 
leigh that the reflection of compression and rarefaction of sound 
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i ve the 
€ open end of the tube should occur slightly above, t 
ES) он in Fig. 5.9 (c). So a small correction has to be applica 
to the observed resonance length of the air coiumn. This ean don 
is called “end correction" and was found by Rayleigh to БОРЫ 
where Dis the internal diameter of the tube. Thus for the firs 


ition 
resonance posi! n= (40°30 
d for the second position of resonance 
pr pen 3.A/4= (1, +0°3D). 
§5.05. Pupil’s Experiment No. 4 (a). 


Aim. 'To determine velocity of sound by using resonance 
column. 


Method I 


pparatus. A tall glass cylinder nearly filled with water, 
a Pe en 25 cm. in length and 3 cm. internal diameter, 
uno and stand arrangement, a half metre scalc, two tuning foiks. 
of frequencies 512 Hz and 480 Hz, a rubber pad, a thermometer 


(celsius), a plumb line, a long rubber tube to act like a siphon, a 
pinch cock, and a containcr. 


Procedure. (i) Hold the glass tube AB by the clamp and stand 
arrangement, C, such that it dips in water contained 


in the jar J as 
shown in Fig. 5.10. 


a (ii) Make the tube АВ vertical with the 
a 


help of the plumb-line, by adjusting the clamp 


arrangement. Suspend the thermometer also. 


by the side of the glass tube 
(Hi) Dip the tube AB nearly to the 

bottom of the jar J such that only a small air 

column is left between the 

the tube and its upper end i 

tube 7' in the jar J up to 

water ftom its other 

with a pinch cock P, Place this end of the 

rubber tube outside, below the bottom level 

of the jar J in suc 

from this rubber tul 

anothcr contai 


А А ter slowly from 
Fig. 510. Simple the jar J by opening the pinch-cock: You 
arrangement to determine will listen Inercasing sound Coming due to the 
the velocity of sound. vibration of the air column. 
water, the length of the 


т А By draining out 
air column in the tube 4B is increased. 
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(vi) Fill up the jar J again with water and repeat step (v) at 
least four times to get the exact position of water level for which the 
intensity of the sound is maximum. Measure the length between 
the water level at this position and the upper end of the tube AB. ` 
Let this resonance length be I. 


(rii) Repeat. step (iii), (iv) and (v) with the second tuning fork 
also and tabulate the observations as detailed below. 


(viii) Measure the internal diameter of the glass tube A with 


the help of the upper jaws of the vernicr callipers and tabulate this 
observation also. 


(iz) Record the room temperature in the beginning and at the 
end of the experiment with the help of the thermometer. 


Theory. We have discussed in demonstration experiment 
No. 8 that for the first resonance position, 
A=4(,+0°3D) 


where А is the wave-length of the wave, l, is the length of the resonate 
ing air column and D is the internal diameter of the glass tube. 


Also V—mn 


where V is the velocity of the sound waves in air at room temperature 
and л is the frequency, therefore, we get 


V=4n (L +0 3D) 


knowing n l, and D, the velocity of sound in air at room temperature 
may be calculated with the help of this formula. 
Observations 

1, Frequency of the first tuning fork 

2. Frequency of the second tuning fork . 

3. Room temperature (i) in the beginning 

(ii) at the end 
4. For internal diameter of the glass tube, 


(i) Zero error in the vernier callipers =...... cm. 
(ii) Least count of the vernier callipers —...... cm. 
(iii) Internal diameter of the tube in nep ^ 
one direction =Ю,=...... ст. 


i i i di- 
(iv) Internal diameter in the perpen 
cular direction =р,=...-ап. 
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5. For the resonating length 1, 


Frequency of the No. of | Length of the vibrating | Mean 
tuning fork observa- air column in cm. length 1, 
tions 

ilc 

71,—480 Hz. 24 Һ=...ст. 

3. ee. 

4. 

1. 

lI, —...cm 
71,—512 Hz. 2 

5: 

4 
аа i A e OR Ap ME 
=@alculations 

- Mean room temperature = np 


Mean diameter of the glass tube— DEED, 
Velocity calculation : 


(1) Calculate V, by substitutin. =480 = i 
eddie Poca (11-03), g т Hz, l=l, and D i. 


_ (ii) Also calculate V, by substituting n—5] = 24 
the above formula. v atta SHE Еро 


A Р TV. z 
. mean velocity V= Seg —"at room temperature (?C. 


Result. Velocity of -sound in air at ., 


SG. : 
- C is deter. TN 
Ата ermined as... 


Precautions 


(1) The glass tube should be set vertical by a plumb line. 
(2) The pinch: cock. should be tested before use, so 
1 : » 50 that water 
fom nol leat in the rubber tube (siphon tube) when the pinch-cock 
(3) While setting the tuni 
the rubber pad, there should 


` 


ng fork into vibration by striking į 
be no metallic noise, Ms d 
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(4) The vibrating tuning fork should be held by its stem so 
that the vibrations of the prongs are not damped. 

(5) Wher the vibrating tuning fork is placed above the mouth 
of the tube, the plane passing through the prongs of the fork should 
be vertical, and should not touch the edge of the glass tube. 

(6) Water.from the ja: should be drained slowly with the 
help of the rubber tube acting a: a siphon. - 

(7) Position of the exact resonance should be determined care- 
fully. Therefore, the place of the experiment should be free from 
other noise and disturbances. 

Method No. 2. Velocity of sound in air at room temperature 
can also be determined by the use ofa conventional “resonance tube 
apparatus” which is commonly available from scientific instrume at 
dealers. f : 

Construction. The “resonance tube apparatus" consists ofa 
100 cm. long glass tube АВ of about 2'5 cm. internal diameter fixed 


а 

e) Fig. 5.11. 
(а) Resonance tube apparatus. 
fb) Position of first resonance. 
(c) Position of second resonance. 
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on a vertical board along the side of a metre-scale marked in milli- 
metres. The zero of the scale coincides with the upper end of the tube 
as shown injFig. 5.11 (а). The lower end of the galss tube is drawn 
‘out and is connected to a reservoir R of water with the help of a 
rubber tube. A pinch-cock is attached with the rubber tube, The 
water level іп the resonance tube AB can be adjusted by manipulating 
the adjustable screw attached with the reservoir clamp О. For fine 
adjustments of the water level in the tube AB, the pinch-cock P is 
used. The tube AB can be made vertical with the help of the levelling 
screws L provided at the heavy base of the frame. 


Other Accessories 


Two tuning forks of frequency 480 Hz and 512 Hz, a thermo- 


meter (celsius), a rubber pad,a beaker, a pinch-cock, a plumb line 
and а set-square, 


Theory. Essentially, the resonance tube apparatus works on 
the principle which we have discussed in the theory of the previous 
experiment No. 8. 


Ifl and laare the lengths of the air columns for the first and 
the second positions of resonance respectively, we get 


+a=A/4 


(1) 
апа 1+2=3 M 
rami -@) 
where d m the *end' correction" and À is the wave length of the 
Subtracting equation (1) from equation (2), we get 
A 
L5—h- IDE 
or A=2(1,—1,) (3) 
But V—nà : (4) 
where V and n are the velocit 


y and frequency of the sound wave 
) and (4) we get 


РЕНЕ 


respectively, therefore, from (3 


V 2n (l—1) NO 
———— 
Thus we see that the ex i 2 " 
free from the “end Ce EE jor the velocity of sound wave is 
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water. Suspend the thermometer by the side of the resonance tube to 
note the room temperature. 


(ii) Release the pinch-cock P and adjust the level of water in 
the resonance tube near the end A by adjusting the position of the re- 
servoir R, and then, after closing the pinch-cock, lower down the 
position of the reservoir R. 


(iii) Strike the tuning fork Р gently on the rubber pad and place 
it just above the upper end A of the resonance tube so that the prongs 
ofthe vibrating tuning fork are in vertical plane. Now open the 
pinch-cock P and let the water level in the resonance tube fall slowly. 
At some position of the water level, you will listen sound of increasing 
loudness. А 


(iv) Repeat steps (ii) and (iii) to get the exact position of 
water level in the resonance tube for which the sound is of maximum 
intensity. Note the position of the level with the help of the set-square 
on the scale. Note the length } of the resonance column as shown 
in Fig. 5.11 (5). This position corresponds to the resonance position. 
Confirm the resonance position by taking four readings, two when ` 
the level of water is falling and the other two when the water level is 
rising. Note down these lengths 1, of the air column. 


(v) Lower the position. of water level so that it is increased 
about three times the length l. Repeat steps (ii), (iii) and (iv) to get 
the second position of resonance with this tuning fork. Note this 
length l; of air column ar shown in Fig. 5.11 (c). 


(vi) Now take the second tuning fork and repeat steps (ii), 
(iii), (iv) and (v). ue = 


(vii) Note the room temperature with the help of the thermo- 
meter, 7 g У . 


Record the observations as detailed below : 


Observations 
(a) Frequency of the Ist tuning fork =(n,)=480 Hz. 
Frequency of the IInd tuning fork  =(n))=512 Hz. 
Room temperature in the beginning (4) =... 
Room temperature at the end (6)= °С. 


Position of upper end 4 of the resonance tubees... cm. 
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(b) Table for the resonant lengths. 


Tuning fork Position of water level at | Mean 


Resonance. No. o. resonance (ст.) Length of 


air 
cotumn 
Falling | Rising | Mean | (cm.) 


f 
position (Observations 


First 


4 ә а 


Calculation. (i) Calculate V; by substituting the values of 


т, h and 1, in the formula V,=2n,(1,—1,). 


(ii) Similarly, calculate У, from the observ. tions, in, 1,' 
1/ from the formula V,—?n,(1 —1,). aoo feti and 


- 4. Mean velocity — uut cm./sec. 


(iit) Mean room temperature= ath =, 
Result. The velocity of sound in air at...°C is...metres/sec. 
Pupil's Experiment No. 4 (5) 

To determine the velocity of sound at 0°0. 

Method. Experiment similar t i 
determine the velocity of sound in а репо 


i ; air at room temperature and then 
by makin; f the foll я 
eae т use of the following formula, the velocity at 0°C may be 


Vy—Y1—0:61 xt metres/sec. ' 


In this relation V, and 


14 D el 
0°C, and at ^C respectively. orc, ше velocity of sound at 
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§5.06. Sonometer and Iktara (Vibration of strings) 


Vibration of strings. Let us stretch a piece of a metal wire or 
a rope about one metre in length between two hooks or nails P and Q 


suitably fixed as shown 
in Fig. 5.12. The wire - 
or rope is fixed tightly. 
Piuck the wire in the 
middle and observe that С 
it vibrates as a whole such 
that a loop is formed. 
The amplitude of vibra- 
tion of the wire 1s maxi Fig. 5.12. Stretched string vibrating with 
mum at the centre and fundamental mode. 

zero at the fixed ends. ) 5 » - 
The central point А of the vibrating. wire where the amplitude is 
maximum is called the Antinode and the end points P and Q at which the 
amplitude of vibration is minimum are called the nodes. This is the 
the«;vire vibrates as а whole in a single 


d is called its fundamental mode. The frequency of the 
mode of vibration is called 


segment ап 
sound wave emitted by the fundamental 


the Fundamental tone, which is the 
wire can produce. 

However, there are many possible modes in which a stretched 
wire can vibrate and hence it can produce many frequencies, depend- 
ing upon the mode of vibration. These possible frequencies are 
related by a definite rule and are proportional to the natural numbers 
i.e, are in the ratio of 1:2:3 : 4 ete. These frequencies are called 
overtones. The frequency of the first overtone is twice the 
fundamental tone, that of second overtone is thrice the fundamental 
tone and so on as represented in Fig. 5.13. 


Fig. 5.13. Overtones produced in a vibrating string. 


The fundamental tone of the stretched wire under tension, 


at both the ends depends upon : 
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(i) The length of the wire between the fixed points. 
(ii) The tension in the wire. 
` (iii) The mass per unit length of the wire. 


Ifl, T and mare the length, the tension and the mass res- 
‘pettvely, then the fundamental tone 1s given by 


oat EST 
= ar m 


The frequency of first overtone [Fig. 5.12(5)] is given by, 


T 
n—2ny— T n 
Similarly, the frequency corresponding to any other tone may be 
‘calculated. 


Sonometer. To study the vibrations produced by vibrating 
strings, an instrument called sonometer or a monochord is used. 


Construction. It consists of.a long sounding board or a box B 
-with a peg @ at one end and a pulley (P) at the other end as shown 
in Fig. 5.13. Oneend of a 
metal wire S is attached to 
the peg and the other end 
passes over the pulley. 
Weights on a hanger H are 
hung from the other end of 
the wire S to vary the tension 
init. Two bridges W and W 
are provided for the purpose 
of altering the vibrating length 
Fig.5.13. Sonometer. of the wire. To understand 


^ the working of a sonometer 
let us conduct the following demonstration experiment. 


Demonstration Experiment No. 10 


Aim. To demonstrate the formation of nodes and antinodes 


for the cases of various modes of vibration of a string with the help 
‘of a sonometer. 


. Apparatus. A sonometer or the arrangement shown іп 
Fig. 5.14, hanger and weights, a bird’s feather or a strip of thick 
paper, a piece of paper, a scissors and a bow. 


Procedure. (i) Cut thin and small pieces of paper with 
the scissors and form V shaped rider out of these pieces. Touch the 
wire gently with the feather at its centre. Now bow the wire at a 
point mid-way between the centre and one of the bridges (W) 
‘keeping the bow nearly vertical. You will observe that now 


" E 
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the wire vibrates in two segments and thus the first overtone is pro- 
duced. 

(ii) Put the paper riders along the wire at equal spacing 
between the bridges. Now remove two riders from one side, and in 
their place put the feather and the bow as shown in Fig. 5.14. 
Touch the wire with feather at the position shown and bow the wire 
to set it into vibrations. You will observe that only the alternate 
riders jump off and the rest remain stationary on the string. These 
riders which remain stationary represent the positions of Nodes and. 
those which flied off represent the positions of Antinodes. 


Fig. 5.14. Demonstration of Overtones (B—Bow ; F—Feather 
k R—Paper Rider). 


Thus a stretched string may be set into any mode of vibration, 


Iktara or Monochord 


It is a stringed musical instrument having a single ‘string and 
hence the name monochord or Iktara. The meaning of Iktara is 
‘one wire’. ва 

Construction and Working. It is an instrument in whicl 
one metallic string 8 is kept taut, as in sonometer, as shown in 
Fig. 5.15 (а). The string is set into vibrations with a bow B shown 
5.15 (b). P represents a sound box, the purpose of which is to 
increase the intensity of sound produced. One end of vibrating 
portion of the string is fixed at the wedge V and its other end is at 
the position where the player puts his or her finger. When the 
player bows the string near the wedge V; by keeping his or her finger 
at some position of the string, itis set into vibrations and thus the 
string produces overtones which is nothing but the “musical sound”. 
By moving the position of the finger up the string, thus effectively 
shortening the string, musical sound of higher notes are produced. 
Cheap models of toy Тага, which toy sellers sell in cities and villages, 


are very popular among children. 


in Fig. 
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Fig. 5.15. (a) Iktara or monochord. 
(b) Bow. 


QUESTIONS ' - 


'(4) Wave Motion 


вена: 
© (a) Sound......travel in vacuum, (сап, cannot] 
(b) Sound travels...... [in the form of wave, along a straight line] 
c i f......waves in gases, 4. 
_ ©) Sound travels in the form о! g firansverse, longitudinal] 
(d) Sound trayels..:...in solids than in liquids, [slower, faster] 
(е) Sound travels......in liquids than in gases. [faster, slower] 
(f) Particles of the medium vibrate along the same line along which the 
wave propagates in the case Of......waves. [transverse, longitudinal] 
(g) Particles of the medium vibrate endicular to the line along which 
` the wave propagates in the case Gl rd sae [transverse, longitudinal] 
a (h) To transfer sound energy from one place to another, the particles of the 
‘medium...,.. у 


k) In the case of i 
get disturbed at . ,;. Mund wave motion, 


travels from one mediu 


[move, vibrate] 
<. ог the propagation of sound waves. 
А [not necessary, necessary] 
(J) Velocity of sound increases with the increase of......of the medium,, j 
[pressure, temperature, humidity] 
( all the particles of the medium 
[the same time, different times] 


(i) Material medium is... 


(P) Sound waves travel 


than light, [slower, faster] 
(m) Ultrasonic waves have......greater than the....., of sound waves. — . 
[frequencies, velocities] 
(л) Supersonic Waves have......greater than the......of sound wayes, 
i f [frequencies, velocities] 
(0) Velocity of a bullet fired f; 


Tom a gun is......the velocity of sound, 
z [equal to, greater than, less than] 


(р) Material Particles......move faster than the velocity of sound. 


2 і E [can, cannot] 
(9) Material particles, .... move faster tham the velocity of light. m 

[can, cannot] 
(r) The quantity which does 


ПОЇ change is......in the case when sound 
im to another, [velocity, amplitude, frequency, Wave length] 


Sh on ЗҮ 


SOUND = 27, 


(В) Musical Sound 


1. Pickup the correct alternative from the brackets and complete the 
"following : - à 


(a) ......i to......vib./sec is the range of audibility for the human ear. 
[20 to 40,000 ; 20 to 20,000] 


(6) The persistence of hearing for a normal human ear is not more than 


7e Of a second. [1/10, 1/20] 
2. Complete the following sentences with suitable words or phrases :— 
(а) (i) ...... (ii) ...... (iii)......are the characteristics of a musical sound. 


(b) Intensitv or loudness depends on...... 

(c) Pitch of a musical note depends upon the.... .of the source of sound. 

(d) Quality of a musical sound depends upon.....- 

(е) The voice of a woman has a greater.....- than that of a man: 

(f) The voice of lion is different from that ofa mosquito because the two 
:.nimals have different...... : 


C) Resonance Tube (Viva-voce) 


(a) Justify the proverb : “Ап empty vessel makes much noise". 
t (b) Why does the resonant frequency ofthe air column rise when water 
is poured in a tall cylinder ? x Y 
(c) How will it affect the resonance position ifsome oilis used instead of 
water in Resonance Tube Apparatus ? 
(d) How will it affect the resonance position if the resonance experiment 
в ptrformed on a mountain ? 
(e) How will it affect the resonance position if a heavy gas like CO; is 
filled in the resonance apparatus at atmospheric pres 
(f) What is end correction ? . 
(g) Why do we not take a narrow resonance tube to make the end 
‘orrection negligible ? 
(h) How will you test whether the rosonance apparatus is vertical ? 
E bi 2 What is the use of a pinch-cock ;generally attached to the rubber _ 
‘tubing 
(G) How is the end correction eliminated ? 
(К) Will the resonance position be changed if the diameter of the tube 
is changed ? E Р 
(/) Why do we use a long tube for resonance experiment ? 
и (m) While taking both the positions of resonance, will you choose a tuning 
‚ fork of higher or lower frequency ? ў " 
(n) Why is the intensity of sound comparatively less in the second position 
than in the first position of resonance 1 
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Properties of Matter 


86.01. Points to Remember 


asticity. Allmaterial bodies when subjected to suitable 
oU a qudd either in size or in shape or in both and get 
deformed. When the deforming force is removed the body tends to 
come back to its original condition. This. properly of a body by 
virtue of which it regains its original condition after the removal of 
ths deforming force is called Elasticity. Bodies which recover com- 
pletely after the removal of deforming forces are called perfectly 
elastic and those which do not show any tandency to recover are 
called perfectly plastic bodies, In actual practice, we have no per- 
fectly elastic or perfectly plastic bodies, the difference being that of 


a degree, a body may be more elastic or plastic when compared with 
another body. 


(2) Stress. The deforming forces applied to a body give rise to 
forces of reaction inside it, tending to restore it back to its original 


condition. This. restoring or recovering force set up inside the body 
measured per unit area is called Stress. It is equal іп magaitude but 
opposite in direction to the applied deforming force Per unit area 
provided the elastic limit is not exceeded. 


Further, if the deforming force is trying to press the body, the 
stress is named compressive stress but if the deforming force be 
of a nature of pull or tension, the stressis called tensile Stress. 
Since stress is force per unit area, i 


s ft its unit is the same as that of pres- 
Sure. Thus it is measured in N/m?. 


(3) Strain. Due to the deforming force there is 4 change in 
the dimensions of the body. Strain is defined as the ratio of change 
in length or volume to original length or volume. Since itis a ratio, it 
has no units. 3 


(4) Out of stress and strain which c 
the definition of strain, unless strain te 
is no stress or no recoveri 
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$6 02. . Demonstration Experiment No. 12 


Aim. To demonstrate the properties of elasticity, plasticity, 
maileability, ductility and brittleness of substances. 


(i) Elasticity. Take a rubber string and measure its length 
with the help of a scale. Now stretch the string and then measure 
its length. You will find an increase in its length. Now release the 
rubber string and measure its length again. You will find that it 
regains its original length. This indicates that rubber is an elastic 
substance. 


Conduct a similar experiment with a steel wire. You will not ~ 
find any masurable (with the help of the scale) change in its length. 
However, if the length of the wire is very large, say 10 metres, then 
in the stretched position there will be some change observable. This 
indicates that the “steel” has stronger capacity to oppose the strain 
than rubber. "Therefore, steel is more elastic than rubber. 


(ii) Plasticity. Take wet earth and plasticine and roll them. 
Measure the lengths of these rolled wet earth and plasticine Pieces. 
Now pull these pieces lengthwise and measure their lengths again. 
You will find that their lengths are permanently increased. Such sub- 
stances which do not recover their sizes and shapes after the removal of 
the deforming forces are termed as plastic substances. 

(5i) Malleability. Take a silver wire and hammer it. You 
will find that. the wire is flattened. By such hammering, the substance. 
can be made in the form of thin sheets. This property of а substance: 
by virtue of which $t can be hammered into the sheets is called: 
Malleability. 5 

Gold, lead сіс. are examples of good malleable substances. 
Since solids become more malleable when hot, this makes the rolling 
of metals into sheets possible. 

(iv) Ductility. Take an iron strip in which there are small 
holes of different sizes. Fix it on the table with two nails. чому 
insert one end of a thick silver wire in one of the holes of the strip 
and pull it with the help of a plier. You will observe that the silver 
wire is drawn into a thinner wire. This property of a-substance by 
virtue of which it can be drawn into fine wires is called Ductility. 
Quartz and platinum are examples of ductile substances. Lead is 
malleable but not ductile because it cannot be drawn into fine wires. 
Ductility increases with temperavure. 


(v) Brittleness. Take a piece of dry earth or glass and ham- 
merit. You willsee that the earth piece or the glass piece is broken 
in smaller pieces. This property of a substance by virtue of which 
it is broken into small pieces due to hammering elc. is called its brittle 
mess. Porcelain, china clay etc. are. examples of brittte substances. 
Generally very hard solids are brittle. Brittle substances like cast iron 
support a large forces of compressions, they easily break if stretching 
(tensile) forces are applied. Where stretching or tensile forces are 


50 


A NEW APPROACH TO PRACTICAL PHYSICS 


involved, clastic materials such as ste 
solids arc hardened, their brittleness 
though very hard, is brittle. 


cl are used. By tempering!, when 
inc Thus tempcred steel, 
Molten glass beads when suddenly 
cooled by water are rendered so brittle that they сап be crushed to 
fine powder at the mildest blow. Therefore, to reduce the brittleness 
of substances like glass, steel ete. annealing® process is adopted. 'T hus 
good quality glass tainbler which we usc in daily life is made alter 
cooling the glass for a long: 


er time. Shack proof glasswares arc manu- 
factured these days by permitting molten glass to cool very slowly 
for many days. 


QUESTIONS 
1. Fill up the blanks with.suitable word given in the brackets, 
(a) Rubber is......clastic than iron. j 


[more, less] 


(b) The ratio of stress and strain, under the clastic limit for a helical 
spring of steel is cqual to the....... 


[Young's madulus of st modulus of elasticity of the spring] 
(с) Hooke's Law states that under the elastic limit,....... " 
[Stress x strain: constant, stress a st Strain о stress] 
2. Why does a s(eel ball, dro ped on a stone floor bounces higher than a 
y hi 5 
Stone ball ? 


3. Ноу does the elasticity of a subst 


ance depend upon temperature ? 
4. Breads are rolled out of wet. flou 


r because i 


[elastic, malleable, plastic] 


ger lasting than that of cotton shirt 
«than cotton cloth 3 


The crease of a terrycot shirt is lon, 
because terrycot cloth is.. 
[less clastic, more elastic] 


because silver is... 
[mallcable, ductile, elast 


[cohesion, adhesion} 


Goldsmith is able to draw fine wires of silver 


n 


- Solids have definite shape due to...... 


T Temp 
dipping it in a cold 


ing is the process of sudden cooling 
liquid. 


9f a hot substance by 


2. ` Annealing is the process of slow cooling of a Substance, 


y 


Model of Our Solar System 


87:01. Points to Remember 


(1) Stars. If you look at the sky on a clean moonless night, 
you will observe a large number of shining objects or specks of light. 
like jewels embedded into the interior surface of a vast hollow dome of 
the hemispherical shape. These shining objects are called stars. Owing 
to the vast distance from us, they appear as points. On account of 
changes in the density of layers of air, they appear to Twinkle. They 
are at rest relative to onc-another. However, each star appears to rise 
from the enst and to set in the west, describing a circle. The only 
exception is the Pole-star which appears to be stationary. 


(2) Planets. If observed carefully, some shining objects in the 
sky appear to move among the ‘fixed stars’. The ancients.knew five 
such objects besides the sun and the moon. These objects are called 
the Planets (a planet means wanderer). Unlike a star, a planet does 
not twinkle, instead, it appears as a small disc. The five planets which 
can be observed with naked eye are Mercury, Venus, Mars, 
Jupiter and Saturn. Besides these, three more planets have been 
observed with the aid of telescopes. They are Uranus, Neptune 
and Pluto. Thus in all there are nine plancts, including the earth, 
in the Solar System. 


. (3) Asteroids. These are minor planets revolving tound the 
Sun in the belt between Mars and Jupiter. Some astcroids are as 
big as the city of New Delhi or New York and others are smaller in 
size. One of the popular asteroids is the Eros. 


(4) Meteors and Meteorites. Besides asteroids, small pieces 
of matter like stones, are also revolving around the San. Sometimes, 
these bodies are able to enter the earth’s atmosphere. Owing to their 
high velocity, a large amount of heat is produced in overcoming the 
frictional force of the air. The heat produced is so intense that these 
objects become incand ascent, ic, they start emitting light апа ulii- 
mately start burning. These shooting stars are called Meteors, They 
are frequently seen at the night time. Practically all the innumcrabic 
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meteors plunging into the earth’s atmosphere are consumed up by the 
air atmosphere and as such are unable to land on earth. Occasion- 
ally, however, such an object may be too big to be consumed by the 
atmosphere and is thus able to Јар on earth. It is then called a 
Meteorite. A big cratcr in Arizona is belicved to have been caused, 
by the impact of a meteorite. Don't get terrified by this statement 
about the crater. The probability of a meteorite hitting the earth’s 
surface is exceedingly remote and for this we should be highly oblig- 
ed to the thick envelope of atmosphere protecting us. 


(5) Comets. Sometimes a star with a long tail is also obsery- 
ed in thesky. It isthe Comet. The appearance of a comet has 
been considered as the sign of ill-omen. However, it isa harmless 
object. Most of its part is in the gascous state. The matter contained 
in it is so diffused that entire of it can be packed in a suit-case, It 
revolves round the sun along a highly eccentric elliptical Orbit. The 
head ofthe comet is always towards the Sun and its tail is always 
directed away from the Sun. In certain cases the tail isas long as 


3 to 4 miles. The orbit of a well known comet i.e, Halley is shown 
in Fig. 7.1. 


em, 


y. И may be seen from earth in 1986. 


Light travelling with a speed of 
€s about 8 minutes to reach us 


rds tar. The next, 
Proxima Centauri, is comparatively ту 


j nueh far off. Tt takes 
four years for the light to reach us {rom this star nearly 


The Sun is the central object of a hu 
and some objects like Meteors Asteroid: 


Бе System of nine planets 
of the Sun in called our Solar System. 


round the Sun in a defetare path езе pails 
wetwally elliptical. Each path 1s called the Orbitof. foe 
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names of these planets are listed in Fig. 7.2. Planets vary in size con- 
siderably. The table I, listed below, gives the details regarding the size 


“NEPTUNE 


URANUS 
Fig. 7.2. Diagram of the Solar system. 


of a planet and the average distance of its orbit from the Sun. It is 
clear from the table that Mercury is the smallest planet. Its dia- 
meter is about two-fifths of the diameter of the earth, Jupiter is the 
largest planct with a diameter of about 11 times that of earth. Orbit 

: of Mercury is the nearest to the Sun whereas the outmost planet is 
Plato. The earth on which we live, is a medium sized planet and is 
the third from the Sun. 


Table I 


Size of planets and their distances from the Sun (or Radii of 
the orbits) of our solar system. 


Mercury 
Venus 
Earth 
Jupiter 
Saturn 
Uranus 
Neptune 


Pluto 


Mars 


4,900 {12,000 13,000] 6,800 


Diameter . 140,0С0 |120,000| 50,000 53,000] 13,00€ 
(size) in km. 

Radius- 

of Orbit 60 108 | 150] 228 778 | 1,420| 2,870| 4,490| 5,90: 
(in 109 кт.) i 


(7) Ellipse. In general, the orbit of a planet is elliptical and 
therefore, let us discuss how to draw an ellipse. 


Fix two nails or drawing pins А and B into a sheet of Paper on 
a drawing board. Place a loop of string loosely over the two pins, 
Now take a pencil with sharp point and make the string taut by the 
use of the pencil and then draw the ellipse as shown in Fig. 7.3(a). 
The points on Which the two nails are fixed, correspond to the two 
focii of the ellipse. If the ellipse required is approaching the shape of a 
circle then the length of the string loop should be large and the dis- 
tance between the two nails should be small [Fig.7.3(a)]. For an ellipse 
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of large eccentricity to be drawn, thc length of thc loop should be 
small and the distance between the two pins should be large as shown 
in Fig. 7.3(b). The elliptical orbits of planets are nearly circular but 
the orbit of a Comet is highly clliptical, differing very much from 
the shape of a circle as shown in Fig. 7.1. The maximum and the 
minimum diameters of carth’s clliptical orbit are neatly in the ratio 
of 101 : 100. 


ў B 
/ 
i Е 
(a) Nearly circular ellipse (b) Highly clliptical 
` Fig. 7.3. Drawingfan ellipse. à 


$7.02. Pupil's Experiment No. 1 


Aim. (а) То prepare a model of the Solar System showin 
the Sun and Planets апа: (0) to discuss Бани difficulties in 
making the drawing to the scale. 

_ Apparatus. Л square wooden plank ora square hard board 

с of size measuring 1°75 m., long iron or copper wire of about 1 mm 
diameter, plastic or wooden heads to represent the planets (in the 
absence of the plastic beads, plasticine or modelling clay may be used 
to make beads of different sizes), arrangement to draw holes B the 
beads. The following table II gives the approximate relative sizes of 
the beads which represent the planets. This table also dnm the 
relative diameter of the orbits to a different scale. j 

À Table II 
Sizes of plancts and their orbits for the Model. 


1 
Е m 
Planet | oo 3 ES e Е = EE S 
К % S 5 Е = 5 & = 
` = 3 
ПЕЕ E S SE 
| —' 


Diameter of planet i 


e 215 | 19/20 
3 in cm. 


9 
© 


Radius of Orbit in 07 15 


cm. 


5 
4A 
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Theory. In prcparing thc modcl of our Solar Systema wc arc 
going to assume thc following : 


(i) The cllipticity of the Orbits of different planets is very 
small. In fact for the carth's orbit, the maximum and minimum 
diameters are nearly in the ratio of 101 : 100. Therefore, the Orbits 
in the mode] may be made cireular. 


(i) The diameters of the plancts and the diameters of the 
orbits arc drawn to different scales. The scale for the orbit is much 
larger. The reason for choosing different scales is discussed in part (6) 
of the experiment. 


(iii) ‘The planes of orbits of different planets are inclined to one 
another. The maximum inclination is about 16°, With respect to 
the plane of “ecliptic” the maximum inclination of the orbital planes 
arc 8° on cither s This inclination of 8^, being small, is neglected 
and hence the planes of all the orbits are considered to be the same 
as the plane of the “ccliptic” in the model. 


Procedure. (1) Paint:the wooden plank white. 


. (2) Draw nine concentric circles on the plank, with pencil, of 
radii as given in second row of table II. 


(3) Drill holes пя the plastic beads diametrically, size of the 
drilling bit being equal to the thickness of wire to be inserted in. 


(4) Now bend the wire along different circles drawn and then 
cut their lengths. These bend wires ‘will represent the Orbits. 
Insert the plastic beads representing the Planets, in their circular 
wires respectively. Finally two ends of the circular wire are joined 
togcther by twisting them. 


(5) Now cut holes in the plank one on cach circular Orbit in 
such a way that the size of the hole is equal to the size of the plastic 
bead on the orbit. Place the circular wires along with the beads on 
the plank by coinciding them with their corresponding orbits and 
fitting the beads into the holes drawn, The wires may be fixed on 
the plank with transparent adhesive tape or by any other suitable 
means. 


(6) Paint the Centre of the orbits red to represent the Sum. 

(7) Suitable mechanical arrangement may be provided to cither 
hang the plank, with the modcl, on wall or display on a classroom 
table. 


Limitation of the Model : The model designed. will look like 
the one shown in Fig. 7.4. This model is rot accurate because we 
have chosen different scales for the Sizes of the planets and the Dig- 
tances of the planets from the Sun. In an accurate. “Sealed 
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Model” every length should be proportional to the same scale. Тһе 
reason for choosing two scales is discussed below. 


Fig.7.4. Sachcmatic out line of our Solar System, showing relative 
sizes of Orbits and, to a different scale, the relative sizes 
of Planets. For the names of planets see Fig 7.2. 


(b) Practical Difficulties in Making the Model to the Scale 


(i) Scaled Model. Let us first understand the meaning of the 
term “Scaled Model". You must have Seen a тар on which a scale 
is written. It may state that 1 cm. represents 100 km. or so. It means 
that a distance of 1,000 Rm. will occupy a Jength of 10 cm. on this 
map. Thus the lengths on a “Scaled М ар or Model" are proportional to 


the Actual distances. Let us now understand the difficulties in making 
а “Scaled Model” of the solar system. 


(її) Difficulties. (a) Look at table I which shows sizes of the 
Orbits and sizes of the planets. You will conclude that it is possible 
to make “Scaled Model” of Planets with proper attention to their 
relative sizes only. It is also possible to make “Scaled Model” of the 


| 
| 
| 
- 
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Orbits of planets with proper attention to only their Distances from 
the Sun. 

But to follow both of these scales (i.e. the relative sizes of the 
Planets and their Distances from the Sun) at the same scale 
requires a very large space. It can be drawn only out of doors on 
some large area of land which isa difficult job. Thus it should be 
realizcd that the drawing used in this book or other text books for the 
solar system is not accurate “scale drawing". The following calcu- 
‘lations will illustrate this point. 

: To draw the scaled model for the smallest planet Mercury 
having a diameter 4900 km. and moving in the orbit of radius 
60,000,000 km., let us choose the scale such that the size of Mercury 
is 1 mm. (i.e. 4,900 km.—1 mm.). Then if the same scale is used 
‘to represent the radivs of the orbit of Mercury, then the radius on 
60,000,000 

4900 


‘Using the same Scale for the orbit of Pluto, which has the maximum 

radius of 5,900 х 169 km., the corresponding radius on the model 

5900 x 10% 
4900 


now can easily realise that such distances (1:2 km.) cannot be drawn 
on a paper of even largest size. 


the model comes out to be 2212 х 103 mm=12 metres. 


comes out to be =12x10° mm.z1:2 km. Students 


(b) Also it is impractical to include the size of the sun on the 
scale chosen for the size of the planets, because the sun is much 


+ larger than the largest planct, Jupiter. 


QUESTIONS 


1. Complete the following sentences by choosing suitable words from the 
brackets :— 


(i) Light year is the unit of. 


(ii) One light year is the......by light in one...... F 
[time taken, distance travelled, minute, year] 


(iii) A planet may be said as a...... heaveniy object. Tu > 
[twinkling, wandering] 


[time, distance] 


(iv) Moon is a....... [planet, star, satellite] 
у) In a scaled map it is......for the lengths of lines to be proportional to 
the actual distances. [not necessary, necessary] 

(vi) One......draw the model of the solar system іп a book by keeping 
only distances of the planets from sun fo scale. [cannot, can] 

(vii) The orbit of earth is...... [highly elliptical, nearly circular] 
(viii) Orbit of a comet is....... Tnearly circular, highly elliptical] 


(x) A planet of our solar system is held in orbit due to the......| force bet- 


ween the planet and. .... м Me: 
[magnetic, gravitational, another planet, the sun] 
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Velocity and Acceleration 


88.01. Points to remember 


(з) Velecity. The rate of change of position of a body in a 
particular direction with respect to time is called its velocity. 


(її) Uniforma velocity. A body 


is said to move with a uni- 


orm vclocity if it covers cqual distances in a particular direction 
in cqual intervals of timc, howcver small the time interval may bc, 


(їй) Variable velocity. If a body covers uncqual distances 


in equal intervals of time or the dire 
body is said to move with variable veloci 


ction of motion changes, the 
ty. 


(iv) Acceleration. The rate of change of velocity ofa body in 


motion is called its acceleration. 


(v) Uniform acceleration. If the velocity ofa body changes 
equally in equal intervals of time, however small these time intervals 
may be, it is said to move with uniform acceleration. 


$8.02. Velocity (From “distunce-time” 


Velocity at any instant may be determine 


time” graph. Let us consider the veloci 
and variable velocities from *distance-tim 

(3) Uniform velocity. The distance 
is given in Fig. 8.1 (а) which is straight 


thc graph and drop perpendicular AH on the 


sents the distance moved by the body in 


graph). 


xl from the *'dislunce- 
t & H 1 Ч tr 1 

y, calculations lor uniform 
1c" graphs. 


timc graph for such a case 
linc. ‘Take any point A on 


1 time-axis. AB repre- 
time O# and therefore - 


Velocity == itane = - 


B. а 
OR is called the gradient or slope of the 


at any instance from the dist 


1 ancc-time 
the curve at that pt. 
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line OA. The velocity 


curve is given by the slope of 
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The velocity of any other point on the line OA is the same as 
given by the above calculation. 
(ii) Variable velocity. Fig. 8.1(b) represents the *'distancc-timc"" 
ph of a body moving with: variable velocity. In order to find 
velocity at any instant represented by point A, a tangent to the 
curve at this point A is drawn as discussed below. 


——t 


t B 


(a) (5) p: 

Fig. 8.1. Timc-distance graph for (a) Uniform velocity (b) Uniform 

acccleration (variable velocity). 

Take a strip of plane mirror and place it cdge-wise such that its 
reflecting surface is over the point A in the position MM as shown in 
Fig. 8.1(b). Sce the image of the portion AB of the curve in the mirror 
and adjust its position by rotating it about the point A such that the 
image of the part AB coincides with the portion AD of the curve. 
This will happen when the mirror is perpendicular to the curve at 
the point A. Mark the straight line MAM on the paper with the help 
of a sharp pencil along the cdge of the mirror. Now draw a. line 
M'AM' perpendicular to MAM at the point 4 with the hclp of thc 
mirror or a protractor. This line M'AM’ is the tangent to. the curve 


at the point A. 
Now draw the perpendicular M'E from the point M’ on the 
time axis. From the triangle CM'E 
ee ath MEE 
Velocity at A= slope at A= ^g ` 


It is clear from the graph. that, since the inclination or the 
slope of different parts of the curve is different, the velocity at dif- 
ferent points of time is different. Velocity at any point is given by 
the slope of the curve at that point and the slope may be obtained 
with the help of the mirror strip as discussed above. py 
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58.03. Pupils’ Experiment No. 2 


Aim. To show that bodies can be in an accelerated motion 
and to verify the relation v=u+ ft. 


Note. This experiment can be conducted in different ways. 
Three such methods will be discussed here. It is hoped that at least 
one method will suit the laboratory facilities of all the schools. 


Method 1. Gallileo's Inclined plane method. 


Apparatus. A long and plane wooden plank about 4 to 5 
metres length having *V* shaped straight groove cut on it from one 
end to the other along its length, a glass or steel or rharble bead, a 
Stop watch of 1/10" accuracy, a metre scale and a plane mirror strip. 


Procedure. (i) Incline the plane of the grooved plank with 
respect to the horizontal by raising the end A suitably and by holding 


the end B against two nails fixed in the table as shown in the 
Fig. 8.2. 


(ii) Now release the glass bead from top end A. It may roll 
Gown the plank with a uniformly accelerated motion. Adjust the 
inclination in such a way that the time taken by the ball to roll down 


the entire length is large and yet the motion is accelerated, which is 
SE by the increasing velocity of the ball while it rolls down the 
plank. 


(iii) Now take the observations by noting down the time taken 
by the „bead to cover, different distances from the end 4. Each 
Observation should be confirmed at least three times. 


(iv) Tabulate the observations as below. 


AUT (v) pict à graph of distance vs. time as shown in Fig. 8.1(b) 
ВС trom it calculate the velocities at diffe i i 
ИМ Hicrent instants of time as 


Fig. 8.3, low. Finally plot a velocity-time graph as shown in 


Fig. 82. Plank with V-shaped groove. 


"Observations 


Least count of the Stop watch —... Sec. 
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Table for Distance and Time 


S.N. | Distance S from | No. of | Time taken | Mean time (4) | Velocity V from. 
end A (cm.) Obser. (2) (sec.) | (зєс.) (S— 1) graph. 
(ст.[ѕес.) 
i 
1 «cm T; | 
г) 2. 
ak 
4. 
2 50 1. 
2. 
3t 
4. 
3 100 ib 
2. 
к}, 
4. 
4 150 1. 
25 
3. 
4. 


Calculations. (i) Draw trangents to different points on the 
curve of “distance-time” graph with the help of a mirror strip as. 


+ 
^ 


ti ta t» 


Fig. 8.3. Velocity-time graph from  distance-time graph for an uniformly 
accelerated motion. 
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explained in $8.02 (ii) and determine the slope of pco n 

various points. These slopes will give the vclocitics at Ц s AE 

stants of time. — Inscrt these velocities in the last column of the ta as 
(її) Now draw a velocity-time graph with the quantitics in 


last two columns. "This graph willbe a straight line as shown in 
Fig. 8.3 


Take two points A and B on the velocity-time graph. i 
vi; б and va, ty be thc velocities and times for these point respectively. 
Since acceleration f=Rate of change of velocity 


change in velocity 
f ~~ time taken ror the change 


or 21 —slope of the curve 09) 


th 
Ifence the slope of the ‘‘velocity-time” graph is the accele- 
ration. о, 
i i ts of points 

(iv) Repeat the above calculation for f for other sci f i 
on the NN It will be found that f is the same for all thesc points 
also. It means that acceleration is uniform. So we sec that a. straight 
line welocity-lime represents a uniformly accelerated motion. 

(») Now take any two other points C and D on the graph of 
Fig. 8.3. Let the velocity at the point C be U and that at the point 
D be V. Note the time instants for these points as ło and fp. Let 
Ip-1o—L. Now substitute the values of U, V, t and ffrom equation 
(1), in the following relation 
V=U+f .t dP) 
You will find that left hand side is equal to the right hand side 
(within the errors of experimental limit). 


(vi) Calculate U, V and t for different pairs of the points like 
Cand D. You will 


find that the relation V=U+/ft is satisfied in 
all the cases. ! 


Result. (i) Since the bead covers successively increasing dis- 
tances in equal intervals of time while r 


olling down the inclined plank, 
it is illustrated that bodies can be in accelerated motion. 
(ii) The relation Væ 


U+ftis found to be true for uniformly 
accelerated motion, М 


Precautions. (i) Тһе wooden plank should be plane. 
(ii) ‘V’ shaped groove must have proper cutting, 
(iii) The watch must be accurate one (1/10 sec). 
(iv) The inclination must remain fixe 
observations, otherwise the accelera 
(») A shar 


tangent to it. 


d for the entire sets ol 
ation. will not remain uniform. 


P pencil should be used to trace the curve and also 


Methed No. 2. To verify the ri 


by a trolley and ticker tape vibrator, 


“VELOCITY AND ACCELERATION 63 


1. Apparatus. A tickertapc vibrator, long paper tape, a 


smooth and long inclincd plane and a trolley. 


Description of ticker tape vibrator. This instrument con- 
sists of a disc D of carbon paper which can rotate due to the moving 
tape 7' under it as shown in Fig. 
8.4. There is an iron strip S just. „ 
above the carbon disc: which has“ i 
a small hammer attached to it so 
that dots may be put on the tape 
when the strip vibrates. The strip 
vibrates when an altering current 
(of 50 Пл) is passed through the 
electromagnet coil C. The detailed х = 
construction of the vibrator is Fig. 8.4. Ticker-Tape-Vibrator. 
shown in the Fig. 8.4. N, S represents a permanent horse-shoe 
magnet. 


Make your own ticker-tape vibrator. In casc this instru- 
ment is not available from the market, you can make your own ticker- 
tape vibrator by modifying an electric bell as detailed below : 

(i) Bring an clectric bell of usual type as-shown in Fig. 8.5. 
$ (ti) Remove the Gong (lid) G and detach the hammer S but 
retain the soft iron armature A. 

(iii) Extend 4l 

S about 5 em. long: 


armature A by soldering to ita strip of metal 
shown in Fig. 8.6. 


Fig. 8.5. Flectric Bell. 


- Se ч \ 

(iv) Drill a hole at the vibrating end of the strip S to fit a small 
rounded head screw M. Fix the screw with the head JZ downwards 
to het asa marking hammer (Fig. 8.6). 

А 
(0) Fix this modified arrangement of the electric bell on a picce 
of wood which serves as a base as shown in Vig. 8.6. 


(vi) Make a carbon disc D,-about З cin. in diameter, Hold this 
disc loosely ae the cenire by a drawing pin on another wooden piece 
such tid the disc rotates when a moving paper tape 7" slips under it. 
The rotation of the dise exposes new surface. of the disc to the 
hamser Z, as the tape passes under it. \ 
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(vii) This assembly of the carbon disc is fixed on the base plate 
as shown in Fig. 8.6. 


i i hammer 
ii) If necessary, bend the strip S suitably so that the L 
does Бе the р. too hard. Inthe case of hard pressing, the 
frequency of the vibrations may be irregular. 


Fig. 8.6. Ticker-tape vibrator made from an electric bell, 


(2) Procedure 


(2) Attach the end ofa long paper tape to the trolley. 


(3) Fix "the ticker- 


tape vibrator at the Starting upper end of 
the runway such that the 


Paper tape passes under the carbon disc. 


*spicing of the successive dots 


However, the time interval for 
the same and it is governed by the constant fre. 
quency of the vibrator. 


(3) Theory and Calculations 


. .. Take one of the dotted tapes and ignore first few dots as sho win 
in Fig. 8.7. The distances жу, л, (10) successive 
dots are measured, The frequency of the vibrator is 50H,. Thus the 
tape takes 1/50 Sec.=0'02 sec., to Cover the distance between two. 
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successive dots. Therefore, the trolley takes 10x:02—0'2 sec. to 
travel each distance 21, x2, 23 cm etc. 


40 Spaces so spaces 
Star! 1те: 0:25 time-O2s 


k- Ti e- - —X3 + -— 


cm r cm 


Fig. 8.7. Dots marked by a ticker-take vibrator, on a paper tape. 


Average velocity for the distance 2,= 


2i 
0'2 
and Average velocity over the distance y= cm/sec. 


fey mad 
02 v2 0:2 
change in velocity 
time 


Hence the increase in velocity in 0'2 sec.= 


Since, acceleration — 


Ter acceleration f— (uie msee ў 
If we take w and v as the corresponding initial and final velo- 
cities, we get К 


E iato Xe 
u= 03 and 2—09 
. — v и 
i f= mee 


Usually, several pairs of values of ж, and x, may be obtained 
from each dotted tape. Acceleration is calculated from each pair 
and is tabulated as below : 


Table for Inclination No. 1 


— 


x x Xg—X 2 x 
S.N. (ст) (ст) nin far = es oe = 
l. 
2; 


*. Mean f=.. 
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Result. The acceleration f is constant and also it is clear from 
the last column of the obser- 


vation table that the relation 8 


j= 


is true. 


Similar results are obtain- 
ed by drawing observation 
tables which correspond to diffe- 
rent inclinations of the runway 
and hence to different values of 
acceleration f. 


Precautions. (1) Samc 


asinexperiment No. 2 (method 
I) of $803. 


(2) The paper tape may 
he fixed with the trolley with 
quick-fix. 

(3) The ticker-tape vib- 


rator should be fixed properly 
«with the board. 


Note. For the case of uniform- т . 12 
ly eccclerated DUC velocity- :02. 9906 ОЕ 9; 
time.graph is a straight line. This Н 1 ~~, 
line can be drawn by compiling the ar second E 
the tapes cut between every 10 dots ‹ 3 
as shown in Fig. 8.8, " Fig. 8.8. рош nre cut out of the 
А оцей tape, between 10 successive dota 
Method 3. To verify and these are arranged to get velocity 
the relation v=u + ft. by “Fall- lime graph. 
ing Plate Method”. 


Speed (cm/15) 


(1) Apparatus 


Glass plate suitable to the dimensions of the apparatus 
IFig. 8.9(a)], wick lamp containing spirit and falling plate apparatus. 

Description of the apparatus. The apparatus consists of a 
glass strip or a glass plate (P) which is hung with the help of a thread 
loop and two hooks H fixed in a stand S as shown in Fig. 8.9 (a). 
An aluminium style is attached to one of the prongs of a tuning fork 
F with the help of quick fix. The tuning fork is clamped on a wooden 
block such that the style presses lightly a 


; gainst the glass plate. If 
the glass plate is smokcd and falls freely, then the vibrating style 
Scratches a trace on the plate as shown in Fig. 8.9 (b). The plate 
falls on a rubber pad 7t. 


(2) Proccdure 


(1) Burn a wick lamp of spirit and move the surface of the 
glass plate in its flame. In this way the glass plate is Smoked. ` 
(2) Hang the smokcd 


(2) glass plate with a thread. loo. as shown 
Fig. 8.9 (а). Adjust the tuning fork such that its Sls presses 
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lightly on the smoked plate. In this position the two {prongs should 
be almost in a horizontal plane. ^ 


(а) Falling plate apparatus (b) Smoked plate marked by the 
vibrating style when the plate 
was falling freely, ` 
Fig. 8.9. 


(3) Set the tuning fork into vibration. The style should trace a 
"horizontal line on the smoked g'ass plate. 


' (4) Now burn the thread loop. The plate will fall and the 
vibrating tuning fork will scratch a trace as shown in Fig. 8.9 (b). 


(5) All the above steps may be repeated with cther smoked 
‘glass plates. 


(6) Note the frequency (п) of the tuning fork. Time taken 


by the plate to fall through a distance equal to the wave length is 
11 sec, 


(7) Measure the distance for successive five wave lengths as 
shown in Fig. 8.9 (b). Let these distances be zy; 25, %3-..clc. 


К Now procecd for the calculation of the uniform acceleration аз 
in the previous experiment i.e. ticker-tape vibrator method. In this 


case the iniform acceleration is nothing but acceleration due to 
-gravity i.e. ‘g’, 
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brackets :— 


QUESTIONS f 

Complete the following sentences: by selecting suitable word from the: 
(i) Distance travelled by a body is a......quantity. [vector, scalar}, 
(ii) Displacement of a body is a......quantity. [scalar, vector] 


54 body moving with a uniform velocity. ‹ 
(ili) A force. ona у D 977 
(iv) Most of the moving bodies which we come across in daily life, move 


with......speed. [uniform, non-uniform] 


dy falling freely under gravity has a uniform ...... 
СО Бобу аце У [velocity, speed, acceleration] 
(vi) The slope of the distance time graph is...... [acceleration, velocity] 
(vil) The slope of velocity-time graph is....... [force, acceleration]. 


VIVA-VOCE for the Experiment “to verify v—u-rft." 


(1) How do you define velociiy ? 

(2) What is the difference between velocity and speed ? 

(3) What is the relation between acceleration and velocity ? 

(4) What is the relation between force and acceleration 7 

(5) What precautions do you take in performing the experiment ? 

(6) Why the least count cf the stop watch should be small ? 

(7) If a body is falling freely under gravity then explain why a Stop watch 


is replaced by a tuning fork ora ticker tape vib: i 
the time intervals ? ў ч pep бшш 


(8) Explain how the personal error in measuring small i ; i 
is removed by using а ticker tape vibrator Us ао, 
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Balance and Weighing 


$9.01. Points to Remember. 


1. Weighing. A balance is used to measure the mass of 
а body by comparing it with some standard mass. This process of 


` comparing masses is called weighing and the standard masses. used. 


for the purpose are usually called "standard weights" or simply 
**weights''*, t 

2. Principle of weighing by balance. А balance works on 
the principle of moments. To understand this, let S and: 5' be the 
masses of the. pans and ‘a’ and ‘b’ be the lengths of arms of the 
halance respectively as shown in 
Fig. 9.1. Ifthe centre of gravity 
of the beam be at a distance x from 
the fulcrum F and the beam be 
horizontal without any extra 
weights on the pans, than from the 
principle of moments : 

8.g.atwg.c=s gb ...(1) 
where w is the mass of the beam 
andg is the acceleration due to TRE 
‘gravity. y S+m SIm 
[ Fig. 9.1. Principle of balance, 

If the mass m of а body is to be determined then. it is 
put on the left pan and suitable standard weights т’ are placed on the 
right pan so that the beam is again horizontal. By applying the 
principle of moments under this condition we get Я 
? 3 (84-m).g.a 4- w.g.z:— (s' 4-m/).g.b. . 
or 8.9.0-+-m.g.a+w.g.2=s'.g.b+m'g.b. 2o (2) 


Subtracting equation. (1) from (2) and then cancelling g from both 
the sides we get 


m.g.G—m'gb 
or m.a—m'b З ...(3) 
The word “weights” is misnomer, instead, it should have been 


2 
“Standard mass’, However, the word “weight” is used in this book ji 
iL . ust to 
keep our terms їй tune with the common language. à 
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The most convenient mcthod of weighing is in which m—m'. From 
equation (3), m and m’ can be equal only when 


‘a=b . (4) 

When a—b, then z=0 -- (5) 
provided the beam is uniform. Also, then, from equation (1), 

j g-—s' ...(6) 


A balance which posseses the qualities defined by equations (4), (5) 
and (6) is said to be a true balance. Hence for a true balance the 
following conditions are there : - 


(i) The arms should be of equal lengths. 


(ii) The С.С. of the beam should be at the fulcrum i.e, at its 
centre. More suitably, the C.G. should be vertically below the 
fulcrum to make the beam morc stable. 


(iii) The pans should be of equal masses. 


.. 3. False balance. In actual practice all the above mentioned 
three conditions of a true balance may not be satisfied. Such a balance 
which does not satisfy either one, or two or all the three conditions of 

„а true balance, is called a false balance. 


4. Correct weighing by False balance. It is clear fr 
discussion of the points (2) and (3) mentioned above that the NES 
mags of a body will not be equal to the standard weight with which 
it ig compared on a false balance. Now the question arises how to 

t the correct mass of a body by a false balance. We may divide 
this aspect of weighing into two parts as under : 


(i) How to determine the correct mass of a body b: ighi 
it on a false balance whose nature of defect is known. "for d ENS 
nature of defects of a false balance the methods used for the correct 
determination of mass arc ‘‘Gauss’s Method” which is also known as 


the “Method of double Weigifing”’:and Borda's method of substitution. 
. . (ti) How to determine the correct mass 
it on a false balance whose nature of defect 

such cases only 'Borda's method of subtitution" is used, 


e 1 4 n i 1 
arises | se two 3 ethods are discusscd in detail in the following 


is not known. Under 


§ 9.02. Gauss's method or method of do 


(è) When the scale pans are of unequal m 
arma are of cqual length and C.G. of the Man au riers anges 
Piace the body in one pan and weigh it wi 
а ghit with stand i - 
placed in the other pan. Suppose this weight eames to x M om 
place the body in the other pan and weigh it again in the simi 
way. Suppose the weight comes to be mj. Let т be the true mass of 


uble weighing. 


ofa body by weighing Ж 
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the body. Taking moments* about the fulerum in the two cases, 
we have 
(8,1-2) a.g— (5s m3)a.g 
or (5,--m) = (8.-+m) „.(7) 
and similarly, (53-72) = (8+ m) ...(B) 
subtracting cquation (8) from (7); we get 
m —m37my— 

which may bc put as, 

1 mtm ...09) 

2 
It is clear from equation (9) that the true mass is the arithmetic mean 
of thé two false weights m, and т. 

(ii) When the arms are of unequal lengths а and b but the scule 
pans are of equal mass s and mass of the beam is negligible. 

Place the body of true mass m in onc pan and let it be balanced 
by standard weights m,, placed in the other pan. The weight of the 
beam is supposed negligible such that the moment produced by it ic 
zero. Applying the principle of moments in this case we get 

(m+s) a.g=(m,+8) b.g 
or ma+sa=m,b-+s.b. -..(10) 
Now the body is placed on the other pan and the beam is balanced 
by the standard weights ma. In this case wc get 

(m 4-8).0.g —(ms-5).a.g 
or mb+8.b=m,a+8.0 > .- (11) 
Adding cquations (10) and (11) we get 

, ma-]-mb--sa-1-5.b —m,b 4-m,a-|-5.a 4- a.b 
or m(a+-b)=m,b+m,a 
mame tma (12) 
a+b 
(iit) When the arms are unequal and the scale puns ате of uneganl 

mass such that the beam balunces** when there are no weights on We 
pans. 

For such cases let а and b bc the lengths of the arms of a 
balance with pans of masses s, and 4, respectively such that, 4.0.9 =a, 
b.g. While writing this formula, the mass of the beam has been зир» 
possed to bc negligible. To determine the correct mass m of a body, 
it is placed in the pan S, and it is counterpoised by the standard 
weights m,. By applying the principle of moments in'this case, we get 

(m+5;) a g= (m, +82) b.g 


т 


ог - mà-r8,.0—myb-- 8,.b 
Since 61.0.8. 
we get, m.a ~m,.b : ..-(13) 


* Moments are considered when the beam of the balance is horizontal, 
°° ie, the beam remains horizontal. 
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Now the body is placed on the pan s and its incorrect mass mg is 
‘determined in the similar way. Thus we get 


(ma ву) ag (m -t- 8) b.g. 


or mis.G-1-5,.G -m.b 1-8,.5. 
or 7 F pus b ...(14) 
Dividing equation (12) by (13) we get 
Ku A 
m m 
or m*—qmyms 
or, m= / mma ..-(15) 


Опе may arrive at the same result as given by equation (15) even if 
the weight of the beam is supposed to act a point away from the 
fulcrum. It is clear from equation (15) that the true mass m of a 
body is the geometric mean (v/m) of the two incorrect masses 
determined. 

$9.03. Borda's Method of Subsititution. 


This method is better and more convenient than the *Gauss's 
Method" due to two reasons as under : 


(i) Borda's method is applicable for every kind of false balance 
d.e. whether its defect is known or unknown. 


(ii) Borda's method gives the true mass of a body directly with- 
out the use of any formula or calculation. 


Method 


In this method the body to be weighed is placed. in the left pan 
and itis counterpoised by sand or by any other convenient material 
placed in the right pan. The body is now replaced by “standard 

' weights" such that the beam is again horizontal. Care should be 
taken not to change the counterpoise. Thus the body in the first case 
and the ‘standard weights in the second case balance the same 
counterpoise under ihe same conditions and hence they are cqual. 


Thus the mass of the body is obtained directly and is equal to the 
mass of the “standard wei, 


89.04. Pupil's Experiment No. 3 : Method I. 

T , Aim. To design a balance with unequal arms and measure 
correct mass by using it (Borda's Substitution method). 

Vs Apparatus. A rod or beam of wood or iron, chord, two alu- 
minium or iron or any other pans, arrangement to bore holes and 
standard weights. 

Theory. See § 9.03, 
Designing the balance. ; 


Procedure. (i) 
near the ends and th 
point. 


Draw three holes i 


^ n a beam, two of them 
е third few 


centimetres away from its mid- 
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(ii) Draw three equidistant holes in each pan near their rim 
and attach the chords to these plates through these holes аз shown in 
Fig. 9.2 (a). 


са) 


Fig. 9.2. 
(a) A common balance. 


H 


(b) Edge E which rests on the hanger H. 
(c) Hanger H. 
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Gti) Make a *V'-shaped edge as shown in Fig. 9.2 (b) out of 
a pail with the file. This should fit in tighty in the central hole of the 
eam. 

(iv) Make an arrangement as shown in Fig. 9.2 (c) out of an 
iron strip from where the beam may be hung through its knifc-cdgc. 
The purpose of this arrangement is to hang the beam and to check 
its horizontality. One pointer P, is attached to the beam above 


the knife cdge and another P, is attached to the hanger. When 


the beam is horizontal the tips of the two pointers are coincident. 

Weighing. (i) Place the body to be weighed on the left pan 
and counterpoise it by sand or any other suitable matcrial placed’on 
the right pan co that the beam is horizontal. ү 

(ii) Without disturbing the contents of the right pan, thé body 
in the left pan is replaced by “standard weights" in such a way that 
the beam is again horizontal. The horizontality of the beam is. 
adjusted by adjusting the “standard weights", 

The body and thc "standard weights" balance the same amount 
of sand and hence thegnass of the body is given by the standard 
weights. 

- (iit) Steps (3) and (ii) are repeated by putting the body, now, on 
the right pan and the sand on the left pan. In this way also the 
weight of the body is determined. 

Observations. 
(i). Mass of the siandard weight when 
the sand is in the right pan Ga) 
(53) Mass of the standard weight when 
the sand is in he right pan (m,)=...g. 


-. Mean mass of the body— 14 ms 


“Bs 


E 


Result. Mass of the body with the balance of arms. 
which I have designed is equal 24 a роду “р. 
Precautions, (i) Horizontal 


l position of the beam 
checked properly by the Coincidence of the tips of P; and ded ig 


(ii) The hanger should suspend freely i.e. | 
tilt in its position due4o thc pressure by йы i oa bee 


etc. on it. 
x 6m ed: Коша be no magnet near the balance if the balance. 


Method 2 
Aim. Yo design a balance with unequal arms and to use it fe 
ing the correct mass of a body by **Gauss's Double Weighi E 
method- ng 
Apparatus. Ás mentioned in method I except for the sand 
Theory. Read §9.02 part (iii). я 
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Procedure 


(i) Designing the balance. Sce method І. In designing the 
balance care should be taken that the beam is horizontal when no 
weights are placed on the pans. 


(ii) Place the body of true mass m to be weighed on the left pan 
and balancc it by placing standard weights m, on the right pan such 
that the beam is horizontal. 

(iii) Now the body is placed on the right pan and it is balanced 
by placing standard weights on thc left pan such that the beam із. 
again horizontal. Note this standard weight ту, 


Observations 
Incorrect mass m, of the body when placed in the lett pan 


=... 


Incorrect mass m of the body when placed in the right pan 


Calculation. Substitute the values of m, and ma in ate 


equation m= PI түт», and calculate the correct mass m of the body 


Result. The correct mass of the body is—...g. 
Relative merits of the two methods. 


Out of the two methods discussed above the Borda's method . is. 
preferable because of the reasons already mentioned in the beginning 
of $9.03. 

3 QUESTIONS 


beac Complete the following sentences by selecting suitable words from the 
rackets :— 
(i) A balance works on the principle of...... 
[Couple, moments, gravitational pull} 
(ii) Horizontality of the beam of a balance is checked by...... 
[eye estimation, the coincidence of the pointer of the beam and the hanger] 
(iii) For a true balance the correct mass of a body is...... the standard weight 
when à magnet is placed (on the earth) below the iron pan containing the body. 
z [equal to, less than, more than] 
(iv) Using a balance of unequal arms and pans of equal mass, the true mass 


of a body is given by the...... [formula -MIHM formula vmm 


Borda’s method of substitutior 
(v) In the absence of knowledge about the type of defect in a balance. чод] 
true mass of a body is determined Бу Aiwa d 
[Gauss's method of double weighing, Borda's method of substitution] 


VIVA-VOCE ON PUPIL'S EXPERIMENT No. 3 


(1) What do you mean by the mass ? 

(2) What is the difference between the mass and the weight of a body ? 

(3) Do you measure weight while you weigh a body on a balance with 
two pans ? 

9. Explain thé types of false balance: 

) Which method will you apply to measure the mass со i 

you do not know the type of defect in the false balance Бышы көр) 

(6) Why Borda's method is preferred over the Gauss’s method ? : 

(7) How do you check whether the beam of the balance is horizontal or 


not? Я 
(8) Is it essential to check the horizontality-of th 
weighing ? A © beam for accurate 


Wet and Dry Bulb Hygro neter 


$10.01. Points to Remember 
(i): General, Water va; 
air due to evaporation from 


› the moist earth etc. The rate at which moisture 
€vaporates from our body depen 


» (b) the amount of water vapour already prevent in the 
atmosphere and (c) the rate of 


(ii) Absolute Humidi 
vapour present at a given te 
Pheric air, 


(iii) Relative Hamidity (R.H.). Depending upon the vari- 
ables, h ETE > 5 


ty. Itisthe actual amount of water 
mperature in 1 cubic metre of the atmos- 


fas of water vapour in a given volume of 


air at any temperature 
[pases of water va 
Same volume of 


RH Saturated vapour pressure at dew point 100 
= < d 
Saturated vapour pressure at room temperature < 


(iv) Dew point. It is th, 
of water vapour present in a givi 
saturate it, 


$10.02, Pupil's Activity No, 2 : Meth 


od No, 1 
Aim. To assemble a “wet and dry bulb” hygrometer and” to 
determine the relative humidity, 


Apparatus, Two celsius thermometers each of half degree 
“accuracy, thread, a retort stand 


» muslin cloth, a beaker containing 
water and a wooden frame. 
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_ Procedure. (i) Thermometer test: Dip the bulbs of two thermo- 
meters in water ina beaker and see if both of them give the same 
temperature. Iftheréisa difference in 
their readings, change them to be sure 
that both the thermometers are accura/e. 


(ii) Remove the dirt or grease, if 
any, from the piece of muslin cloth M 
-by washing it. 

(iii) Now tie one end of the 
cleancd muslini‘cloth by wrapping it 
over the bulb of one of the thermo- 
meters W. Hang the thermometers from 
the iron stand аз shown in Fig. 10.1, 


(iv) Place the beaker B containing 
water on platform of the stand and 
adjust the height of the rod from which 
two thermometers are hung in such a 
way that only the lower end of the 
muslin cloth dips in water. The bulb of 
thermometer W should ‘not dip in water. 
Water will rise to the bulb through the 
muslin cloth and will evaporate which 
will produce cooling effect. Thus the 
temperature recorded by the thermo- 
meter W will be less than the room 
HE s The thermometer W is 

«d "Wet bulb thermometer" a s 
D is called “Dry Bulb XS Pos epe oand 
Thus this pair of thermometers becomes thermometers of a hygrometer. 
Wet and Dry bulb” hygrometer, Place 
the wooden frame between the 


.. .. (v) Note the readings of the thermometers W and D. The 
reading of the thermometer W should be recorded after every five 
minutes, till its reading becomes minimum and constant. 

„ (vi) Note the reading of thermometer D at the end of the ex- 
periment also. 


(vii) Record the Observatio 


RUE emi ns as given below and then calculate 


he relative humidity table (page 77). 
Observations. 


(a) (i) Reading of thermometer D in the beginning=4,°C= 


=1,°C=., 


(й) Reading of thermometer ]) at the end 
(b) Reading of thermometer W (Wet bulb).. 
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| S. No. | Wet bulb reading after every 5 mints. 


Й 
әм 


P 


jo sci 
ЕЕРЕЕ 0 


Mean reading of thermometer D i.e. Dry bu!b jud зз оп 

Constant reading of the Wet bulb thermometer W =, —...... 

-. Difference ta ` tw=...°C. 

Use of the rciative humidity table. Chcosc that column 
of the table at the Чор of: which “this depressicm ‘ta ty) із. 
written and then come down along this 
column until the column level i.e., the 
horizontal row at its extreme left indicates 
‘the Dry bulb thermometer reading ta. ‘The 
position at which this column and the row cross 
*ach other, indicates the percentage relative 


humidity. 

Result. The relative humidity on...... 
(date) at ..... (time) is...... ола (place). 
Precautions. 


(i) Muslin cloth should be cleaned 
before use. ` 
(ii) The bulb of the “wet bulb thermo- 
meter" should not dip in water otherwise both 
the thermometers will record the same tem- 
‘perature. 
(їз) Apparatus should not be placed 
under a fan or on open window. ; 
N.B. The same experiment may be соп. 13$ b ESN nua 
ducted using the conventional wet and diy ; | 
bulb hygrometer as shown in Fig. 10.2. — ^ 
Method 2. Шил 


Р The most convenient method for measur- Fig, 50.7. wet ond Dry 
ing relative humidity is by the use of the Eulb Hygrometer, 


ИЕМ. 


ЕА 
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Sling psychrometer which is a slight modification of “wet and dry 
bulb hygrometer". This instrument also consists of two identical 
thermometers mounted on a light frame which can be rotated rapidly 
in air as shown in Fig. 10.3. One of the thermometers, ie , the wet 
bulb, is covered with a wick which is saturated with water before 
rotating. The other thermometer t.e., dry bulb thermometer has no 
wick. As the instrument is “whirled” or slung through the air, 
evaporation from the wick occurs,.cooling the bulb-of the “wet bulb 
thermometer”. Its temperature reading falls below that of the dry 
bulb thermometer. The difference between the readings of the two 


thermometers gives the relative humidity on using the relative 
humidity table. 


Fig. 10.3. Sling psychrometer used by meteorologists 
for relative humidity, 


QUESTIONS 
went Союш the following sentences by picking 


ир proper words from the 


(i) Absolute humidity is the......of water vapour actually present io...... 


(atmosphere, mass, volume, air) 


(ii) The air containing water vapour is...... the dry air at the samc tem- 


perature and pressurc. (as dense as, denser than, less dense than) 


(ii) If the difference between fhe readings of the dry bulb and vet bulb 
be large, itshows Breater degree of......of the air. (wetness, dryness) 


(iv) Heating the air in a room causes the relative humidity to be... .. 
(increased, decreased) 
(clear, cloudy) 
(calm, windy) 
iy Iscr 
(high, low) 


(pleasant, oppressed) 

nder a working fan 

-than the actual reading and the 
than the correct value, 

[more, less] 


x) When it is raining, the readi ti " 
‹ hygrometer are...... ings of the wet bulb and the dry bulb of a 


(xi) When th (very much different, equal) 
xi en the wet bulb of a hygrometer is di i t P 
of the readings between the dry bulb and sen bulb cr ae diee 


(ix) When a wet and dry bulb 
the reading of the wet bulb will bz.. 


hygrometer is placed ui 


result for the relative humidity will 


(xil) ......... air із necessary for Spinning and w 


PART II 


For Class X 


CHAPTERS 
11. LIGHT. 
12. ELECTRICITY AND MAGNETISM. 
13. EMISSION OF ELECTRONS (Photo-Electric ity and Electronics). 
14. HEAT AND ENERGY. 
15. ELEMENTARY TRAINING IN SOLDERING. 
16. ELEMENTS OF WORKSHOP PRACTICE. 


Jon] 
їз ION 


11 


Light 


1. DISPERSION 
511.01. . Points to Remember 


(1) Prism. It isthe wedge-shaped piece of a transparent 
material bounded by three planes inclined to each other. The line 
along which any two transparent faces of 
the prism meet is called. the refracting С 


edge of the prism and the angle between B 
these faces is called the refracting angle 
as shown in Fig. 11.1. The section of a 


prism by a plane perpendicular to the re- 
fracting edge is called the principal plane. 
Thus ABC or A'B'C' are principal 
planes. The face of the prism opposite to 
its refracting edge is called the basc. 


(2) Dispersion. The sun rays 
appear yellowish white to the human eye 
but actually it is composed of seven , 
«colours. When the sun rays pass through € В 
a prism they аге not only deviated but also 
separated into their constituent colours. 


The separation of a composite ray, (con- А’ 
-stating of many colours) into ils constituent у K 
-colours is called dispersion. Fig. 11.1. A Glass Prism. 


§11.02. Demonstration Experiment No. 1 (a). 


Aim. To demonstrate the dispersion of sunlight using a glass 
prism. 


Apparatus. A glass prism, a plane mirror and black paper. 


. .Procedure. (l) Сша small slit in the black paper and paste 
this paper on the plane mirror M such that only the slit portion 
permits the reflection of light as shown in Fig. 11.2. 


(2) Throw sunlight with the help of the mirror M inside 
the class room, 


83 


84 A NEW APPROACH TO PRACTICAL PHYSICS 


(3) Place the prism in the path of the sun rays in the class room 
insuch a way that the rays fall on one of its faces. Adjust the 
inclination of the face by rotating the prism. At some position of the 


prism, you will observe a coloured belt on the wall facing the sun. 
rays. The coloured belt may also be observed either on the ceiling of 
the room or on the floor. p 

(4) Observe thé colours, in the belt. You will find seven coleurs 
in it in the following order : Violet, Indigo, Blue, Green, Yellow, 
Orange and Red. As an aid to memory, the order of the colours may 
be remembered by the word Vibgyor. However, the colour belts are 


not seen distinctly, i.e., there is overlappirg of colours at the edges of 
the belts. 


Fig. 11.2. Demonstration of Dispersion of Sun Rays. 


Conclusion, Sunlight consists of seven colours (Violet, 
Indigo, Blue, Green, Yellow, Orange and Red). These colours are 
separated along different directions after the rays pass through a 

ism. Also it is clear that when light passes through a prism 
spersion and Deviation of light take place simultaneously. 
Demonstration Experiment No. f (b). 


Spectrum can also be shown to the students without a conven- 
tional prism. Set a tray of water in bright sunlight. Lean a 
rectangular plane mirror against an inside edge of the tray. Adjust 
the mirror's inclination so that a colour band or spectrum appears on 
the wall. In this case water between the mirror surface and its own 
surface forms a water prism which causes dispersion. 


2. HUMAN EYE 
$11.03. Nermal Eye (Vision).. 


The edge of the crystalline lens of human eye is surrounded by 
Ciliary Maseles. To sce a nearby object clearly, the ciliary muscle 
contracts to bulge out the lens. The contraction results into the 
decrease in the fecal length of the lens and thus the image of the 
nearby object is formed at retina. : : 


When ciliary muscles relax the cdges of the lens are pulled 
duc to tensionin the Suspensory Ligaments. Thus the lens is 
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flattened which results into the increase in its focal length. In this 
_ мау the distant objects are brought to focus at the retina. 


The normal eye is most relaxed when it is focused for parallel 
rays i.e. for objects far away. Thus the Far Point for a normal 
human eye is Infinity. To study the details of an object, however, 
the object should be brought close to the eye. The reason for this 
being the fact that closer the object to the eye, the larger is the image 
formed on the retina. A distance of about 25 cm. is found to be 
the distance of most Distinct Vision for a normal cye. This distance 
of 25 cm. is called the Least Distance of Distiact Vision. A point 
at a distance of 23 cm. from the eye-lens is called the Near Point. 
Prolonged observation at a distance of :5 cm. ог less will result in a 
considerable amount of fatigue and eye strain. 


$11.04. Defects of Vision. 


The power of ‘accommodation possessed by the normal human 
eye is such that it can clearly see the objects placed anywhere 
between infinity and its Near Point (i.e. 25 cm.). Butas the person 
grows older the accommodation becomes more and more difficult 
because the eye lens tends to harden and the muscles that control it 
grow weaker. The rate of hardening of the lens varies from indi- 
vidual to individual. 


In some children also the vision is defective because of im- 
proper shape of the eye ball. The common defects of vision in 
human eye are the following : (i). Long or far sighted eye (ii) Short 
or near sighted eye (iii) Presbyopia and (iv) Astigmatism. 


(i) Long Sightedness. Long sightedness is caused by the 
-eye-ball being too short as shown in Fig. 11.3 (а). If a book is held 
at 25 cm. (i.e. at the near point N of a normal eye) from such an 
eye it will appear blurred because for this distance a clear image is 
formed at a point I only behind the retina as shown in Fig. 11.3 (a) 
and (b). The Near Point for such an eye is at O which is farther 
than 25 cm. as shown in Fig. 11.3 (c). This kind of defect of vision 
is also called Hypermetropia. This defect of vision is also called far 
sightedness because the person can sec clearly the far off objects. 


The reader keeps the book farther from his eye to see the print 


distinctly in this type of defect when he does not use specs as shown 
in Fig. 11.3 (a). 


Correction. A long sighted eye is corrected by the use of a 
convergent lens of suitable focal length. This convergent lens cone 
verges the rays entering the eye just sufficiently to make the rays 
appear as if these are coming from the eye’s own near point О аз 
shown in Fig. 11.3 (d). 
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1 
N 6 
[256m — 
(b) 
о R 
(€) 


(а) 


Fig. 11.3. For a hypermetropic eye the eye-ball is too short 
(Long-sight defect). 
N——Near Point for Normal Eye. 


O—--Near Point for the defective eye. 
R—-Retina, 
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(ii) Short Sightedness. The short sightedness is caused by the 


eye-ball being. too long or too much 
flattened as shown in Fig. 11.4 (a). 
For such an eye the parallel rays, 
coming from infinity, are focused at 
a point J in front of the retina as’ 
shown in Fig. 11.4 (а) and (b). 
The actual Far Point F for such an 
eye may be only a metré or so as 
shown in Fig. 11.4 (c). This defect 
of vision is known as Myopia. This 
defect of visionis also called Near 
Sightedness because the person can 
see the near objects clearly. 

The reader keeps the book closer 
to sce the print distinctly when he 
docs not use specs [Fig. 11.4 (d)]. 

Correction. A short sighted 
eye is corrected by the use of a 
divergent lens of suitable focal length. 
This lens diverges the rays entering 
the eye just sufficiently to make the 
rays appear as if these are coming 
from eye’s own Far Point F as shown 
in Fig. 114 (d). 

Calculations for the Focal 
Length. As we have discüssed in 
the above article, the defective vision 
is corrected by the use of a lens. To 
know the nature and focal length 
ofthelens to be used let us under- 
stand the following calculations 

The fonmula used for these 
calculatlons.s | l/f—1/v—i/w. To 
understand this formula read $11.13 
points (3) and (4). With use of the 
lens the image should be formed at the 
point where the eye сат see distinctly 


without the use of а lens. Thusy , 


should always correspond to the near 
“point or the far point of the defective 
eye as the case may be. 


(b) 


td) 


rag. 11.4, For a myopic eye, 
the eye ball is elongated or it is too- 
long. (Short-sight defect.) 


Far point is at infinity for a nor- 
mal eye buf for еее eye it 
isat F. 

R—- Retina. 


Problem 1. A myopic eye is not able to see objects beyond 
9 metres. Find the nature, the focal length and the power of the 


correcting lens. 
In this case, 


u=—0o, v=the far. point=—2 metres, 


Ш = —3+10=—} {Since 1/0 220) 


or , f=—2 metres. 
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Power of the lens P—1/f— —0:5 Dioptre. 

Ans. Concave lens, 2 metres and —0°5 Dioptre. 

Problem 2. A personcan see objects only when they are 
brought to a distance of 80 cm. from the eye while a person with 


normal eye sight can see clearly at 160 cm. Find the nature, the focal 
length ànd the power of the correcting lens to be used. 


Defect is myopia, 
v=—80 cm. ; u=— 160 cm. 
1 1 I 1 
x f ~~ 80 t 16 =~ 160 
is f=—160 cm. 


1 
1 Я ; 
=- =— 0:625 Dioptre 


Ans. Concave lens, —160 cm., —0°625 Dioptre. 


and power [of the Tens P= 


„ Problem 3. А person cannot ses objects nearer than 7/5 cm. 
while the person with normal.eye sight can see up to 25 cm. Find 
the nature, the focal length and the power of correcting lens used. 


The defect is Hypermetropia. 


fv=—75 cm, u=—25 cm. 
ч Ым TIN 2 
С ПА ЕГЕР 
ог =. Bss cm. 


1 


and pewer of the lens P—-————— — 
f (in metres) 


10082002 „8 
CONBYpl е Deer aS 
=+2°66 Dioptre. 


Ans. Convex lens, +37°5 cm. and --2:46 Dioptre. 


(iii) Presbyopia. In old age the ciliary muscles become weak 
and the eye is not able to accommodate up to the normal near dis- 
tance of distinct vision. In other words the near distance of distinct 
vision of the eye is increased. If there is no defect in the eye ball or the 
eye lens, the perzon suffering from presbyopia will have his far sight 
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normal but he will have difficulty ia seeing the near objects or read- 
ing the book, etc. The defect is remedied by the use of a convex 
lens of such focal length that when an object is placed at. the normal 
near distance of 25 cm., its virtual image is formed at the incr 
distance of distinct vision of the presbyopic eye. It must be noted 
that the person suffering from presbyopia uses convex lens spectacles 
for seeing the objects placed at the near distance of distinct vision 
or for reading purposes only, while the hypermetropic eye needs the 
convex lens spectacles for all ‘distances. When a myopic eye loses 
the power of accommodation in old age, it will need both types of 
glasses,* concave for rectifying the distant vision and convex for 
reading purpose. 


(iv) Astigmatism. This defect occurs when the cornea does 
not have a truly spherical shape. The curvature is not the same in 
different planes containing the axis of the eye. Thus the focal length 
of the eye lens is not the same at different planes. The result is that 
while the normal eye is able to focus the light from all parts of the 
object to produce 4 sharp image, the astigmatic eye may form the 
clear image of points in one plane and not in the other. Thus the 
person may, for instance, sce the vertical wires and not the horizontal 
on of a wire gauze. Cylindrical lenses are used to remedy this 
efect. р 


511.05. Demonstration Experiment No. 2. 


Aim. To demonstrate various parts of human eye with the 
help of a “Descectable Eye Model". 


Apparatus and Procedure. Discectable model of eye is avail- 
able from scientific dealers. Various parts may be shown by opening 
the model. The function of each part may be explained. 


$11.06. Suggested Pupil Activity No 1 (a). 


.. Aim. To prepare an eye-model with a flask and to. show the 
sight-defects and their corrections with suitable lenses. 


Apparatus. Convex and concave lenses of suitable focal 
lengths, lens holder, a round. bottom flask, plasticine, fluorescein 
solution, a compact source of light, and a thick card board with 
a small central hole. 


Fluorescein Solution.** The path of light rays travelling 


through a solution of fluorescein is very clearly seen. To prepare the 
solution, one gram of fluorescein is dissolved in 100 ml. of industrial 


or methylated spirit. 


* Such lenses are called bi-focal lenses. 


** An alternative solution may be prepared by adding a few drops of milk 
in water. 
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Theory. This is an important demonstration in which 
students can see the path of light rays in a model of an eye made 
in a round bottom flask F 
containing fluorescein solution 
asshown in Fig. 11.5 (a). The 
model shows a Normal eye 
looking at a small luminous 
object, say a small opening in 
the compact light, source. 
This image of the luminous 
point is formed with the lens 
L, Fig. 11.5 (b) at the retina 
Е. 'Thepath of the conver- 
gent beam is interesting to see. 
Now with a change of the lens 
(Т, L4), the luminous object 
may be made to focus either in 


front of R or farther from R Li ba Ls 
which means now the eye be- 
comes Short-Sighted or Long- OGG e 


Sighted respectively. 


By introducing another 
suitable lens (D) with the help Fig. 11.5. Experiment to study the 
of the lens holder, the de- €ye defects and their corrections, 
fects may be corrected, 


"The effect of distance of the óbject may also be demonstrated. 

Choice of Lenses. The success of the demonstration depends 
upon the choice of the three lenses Ул, Ls, L}, and two correcting 
lenses Z for the given flask. These lenses are suggested here for a 
flask of 5 litres capacity and of 2:8 cm. diameter. 


The lens Z, for Normal Eye should have a powe 
+8 Dioptre, the lens Z, for Short-Sighted eye should e Sd 
of +11 D and the lens L, for Long-Sighted сус would have a 
power of +5'5 D. In order to facilitate the change fr 


as shown in Fig. 11.5 (b). Then, rotatin 
neck will bring one lens after another into play, 


The spectacle lens (Г) for Correcting the Short-Sigh 
N -Sighted сус 
oaa kave a power of —3D and the lens for the Long.Sighted cyc ; 
Procedure. (1) Fix the lens Ly, 
shown in Fig. 11.5 (b). Fill the flask 
fluorescein and then place the flask on a 
the rays clearly, the solution must be dilute, 


(2) Set up the light source such that a small lumi i 
actsasthe object to be viewed. Erect the card Mi Hels c E: 
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vertically in front of the flask so that the hole is in level with the 
lenses and serves as an IRIS. 

Rotate the flask until the --8 D lens (Z4) is behind the hole and 
arrange the light source to lie in level with the hole and the centre 
of the flask F as shown in Fig. 11.5 (а). Move the light source until 
a sharp image of the luminous hole is formed at the point Ё on the 
surface of the flask. А small piece of wet paper may be put on the 
surface of the flask (on the back of R) to make the image on the 
retina R easily visible. 

(3) Keeping the light source fixed, rotate the flask to bring the 
lens L, (+11 D) behind the hole to show short-sightedness. Show how: 
—3 D lens corrects the short-sighted eye. Now rotate the flask 
further to bring the lens D; (3-575 D) behind the hole to show long- 
sightedness. Show how 49:5 D lens corrects this defect. 


(4) Remove the correcting lens away and rotate the flask to 
make the eye-model again Short-Sighted. Now move the light source 
until the image is formed at А. Point out that the object has to be 
near to the eye and hence this defect is also called near-sightedness. 
Similarly explain that for a Long-Sighted Eye the object has 
to be kept far from eye and hence the defect may also be called 
far-sightedness. 


Suggested Pupil Activity No. 1 (b). 

Examine the spectacles of your friends and relatives and ask 
the power of their lenses, Collect data as to what kind of defect of: 
vision is developed with the growing age. 

N.B. Now a days the correcting lens may be fitted inside the 


eye. Thus the use of the spectacle frame is avoided. Such lenses, 
are called *Contact Lenses". 


3. CONCAVE MIRROR 


$11.07. Points to remember. 

1 Concave mirror. It is a part of hollow glass sphere with 
its convex side silvered such that the inner surface becomes reflecting 
as shown in Fig. 11.6. й 


2. Curved-mirror ter- 
minology. Terms are defined 
with reference to Fig. 11.7. 


(i) The centre of curva- 
ture, Q, is the centre of the 
sphere of which the mirror 
forms a part. 


(ii) The pole, P, is the 
centre of the curved surface 
of the mirror. Fig. 11.6. Origin of a concave mirror. 
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(itt) The radius of curvature, r, is the radius of the sphere of 
which the mirror forms a part. 


й i i here 

iv) The aperture is the angular portion, MCN, of the sp. 
36 included by the mirror. Generally, only a few degrees of the 
total surface of the sphere is used as the reflecting surface. 


(v) The principal azis is the line PO drawn through the centre 
of curvature C and the pole P. 


(vi) The principal Focus F is the point on the principal axis to 
which rays parallel to the principal axis converge after reflection. 
The point F is mid-way between C and P as shown in Fig. 11.7. 


(vii) The focal length 
‘f’ is the distance bet- 
ween the pole P and the 
principal focus F. 

(viii) The laws of to- 
flection which hold good O 
for the plane surfaces are 
also true for curved sur- 


- oF 
contin of ~~ _ PRINCIPAL Focus 


$ 
faces. Csavarunt. Ns 
f "APERTURE 
(iz) The radius of Ass ' 
curvature r is twice the SS 
focal;length f i.e., à N 
| r=2f | Fig. 11.7. Terminology ofcurved mirrors. 


(ж) The focal length ‘f’, the object distance u from the pole and 


the image distance v from the pole are related by the following 
equation : 


3. Two kinds of images. 


Real Image. These images are formed by the actual or real 
meeting of the Tays and can be у 


Н Projected оп a screen, Real images 
are always inverted with respect to 


s the object and may be either lar- 
Ber or smaller than the object in size, 


,Virtuallmage, These images are not formed by the actual 
meeting of ш rays and cannot be projected on a screen. Virtual 
images are always erect with res ect to the object and may be either 
enlarged or reduced in size. P 1 i 


4. Siga Conventions There are two ki i 
. 5 . two kinds of sign conven- 
tions. One is called the “New С is 


ü ne e “N artesian” and the other is called the 
Real Positive Convention”, We shall discuss here only the New 
esian Conventions. 


LIGHT 93 


According to this convention— 
(i) The incident гау is taken from left to right. 
(ii) All distances are measured from the pole of the mirror as. 
origin. 
(iii) Distances, measured in a direction opposite to the incident 
ray direction, are taken negative. 


(iv) Distances, measured in the same direction. as the incident ray 
are taken positive. 


Thus in the New Cartesian. Convention, the focal length of a 
concave mirror is negative and that of convex mirror is positive. 


5. Parallax. Fix two needles or nails P and Q vertically on a. 
drawing board or on a table. View these pins from the position А зо 
that P appears to be directly behind Q as shown in Fig. 11.8. Now 
shift your eye to the left say to position 


B, you will observe that the тоге distant Y 5 
needle P appears to move to the left of Q. Se 
Similar observation is there when you dsl [o 


shift your eye to the right, say to position g 
Thus the object situated at greater ak 
distance appears to shift in the same direc- eU PS 
lion as the eye while the object situated r \ 
mearer the eye, appears to shift in theop posite / N 
direction. This apparent shift in the posi- П X 
tions of two objects situated at different ` 
distances from the eye, for a side way shift Д \ 
in the position of it, is called Parallax. / ‘ 
Parallax may be removed either by mov- H A Me 
ing Q suitably away from the eye or by В ` 
moving P towards the eye. When there is v V «Т 
no relative shift in the positions of Р and 
Q, for any position of the eye, the parallax 
is said to be removed. *No-parallax" Fig. 11.8. Parallax between 
mothod or *Removal of parallax" is a ‘Pand Q. 


very popular method to trace the position of image formed by a 
mirror or a lens. 


6. Optical Bench. It consists of a metallic or a wooden bed on, 
which three or four uprights can slide along its length as shown in 
Fig. 11.9. These uprights are rigid and can be fixed in any position. 
They carry the optical parts like mirror, object and image needles. 
These uprights may be given a side motion also so that the pole of 
the mirror and the tip of the needles may be arranged in the same 
vertical plane. A millimetre scale is also fitted: on the bed along its 
length so as to read the position of the uprights, sharp indices are 
marked on the bases of the uprights, which help in noting down their 
Positions on the scale. The sketch of a simple optical bench is shown 
in Fig. 11.9. 
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7. Index Error or Bench Error and its Correction. In 
an actual experiment on an optical bench we are required to measure 
the object and image distances : 
from the pole of the mirror. 
The distance between the tip 
of the needles and the pole of 
the mirror is the Actual dis- 
tance. But we practically mea- 
‘sure distances between the 
indices with the help of the Fig. 11.9. Optical Bench. 
scale. These distances are called the observed distances. The actual 
distances may not be equal to the observed distances and hence, correc- 
tions must be applied to the observed distances. This correction is 

called Index Correction. 


Index Error =(Observed Distance)—(Actual Distance) 
and Index Correction= (Actual Distance)—(Observed Distance). 


The index correction whether positive or negative is always 
added algebraically to the observed distance to get the correct distance, 


8. Determination of Index Correction. To determine the 
Index Correction for u and v, a sharp ended straight knitting needle is 
used. The knitting needle is adjusted such that its one end touches the 
pole (P) of the mirror on the reflecting surface. Now tke image or 
the object needle (O) is brought near the other end of the knitting 
needle and then adjusted in such 
а way that the tip of the two 
coincide as shown in Fig. 11.10. 


, Care should be taken not to 
rotate the uprights or the needles 
while shifting or adjusting, 
otherwise index error will 
change. Note the distance x 
between the indices M, N of the 
two uprights. The distance 2 is 
the observed distance. Measure E----X---4 
the length of the knitting needle M N 
which is equal to the actual Fig 11.10. Determination of Bench 
distance y. If the mounting of correction, 
the uprights is not disturbed, the index corrections determined for 
u and v remain constant for all the readings. Thus 

Index Correction — (РО —MN)-—(y—2). 
This index correction is added algebraically to the observed distance, 
Example : 


Suppose the actual length of the. knitting needle —20'1 cm. 
Observed corresponding distance for the object upright —19*9 cm. 
Observed corresponding distance for the image upright —20:4 cm. 


Index Correction for u 7::20:1—19:9— 4-0:2 cm. 
and Index Correction for v 2012004102 cae 
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If the observed distance for u and v are 40 cm. and 50 cm. res- 
pectively then, i 


the correct u =40+0'2 =40'2 cm. 
and the correct 0 —40—0:3—39'7 cm. 


§ 11°08. Pupil's Experiment No. 1. 


Aim. (a) Recording of observations about the nature and com- 
position of images formed by a concave mirror as the object distance 
changes. i 


(b) To determine the relationship between и, v and f. 


Apparatus.* An optical bench with three uprights, concave 
- mirror, two needles, a knitting needle, a metre scale and a clamp to 
hold the mirror on the upright. 


Procedure. (i) Rough focal length *f'. Get a clear image of 
some distant object like a tree on a paper screen with the help .of the 
mirror. ‘Ihe distance between mirror and paper screen is equal to 
the approximate focal length ‘f’. 


(ii) Hold the mirror іп the clamp on one uprigh: such that 
its axis is horizontal. The mirror upright should be near one end 
of the bench. Look into the mirror by keeping your eye vertically 
above the bed of the optical bench and rotate the mirror such that 
you get an image ot your cye along the centre of the mirror. "This 
ensures the principal azis being along the length of the bench. 


ee Object between F and P. 


(a) The image is 
(i) Behind the mirror. 
(ii) Virtual. 
(iii) Erect. 
(iv) Larger than object. 


а 
Н 
I 


Object at F 


(b)  Theirfage is formed 
at infinity. 


* This experiment can also be done by candle and screen method. 
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Object between F and C. 
(c) Тһе image is 


(i) Beyond C. 
(if) Real. 
Gii) Inverted. $ 
(iv) Larger than object. . 


Object at C. 
(d) The image is 


(0 At C. 

(ii) Real. 

(iii) Inverted. 

(iv) Same size as object. 


Object beyond C. 
(e) Тһе image is 


(i) Between C and Е. 
(ii) Real. 
(iii) Inverted, 

(iv) Smaller than object. 


Object at Infinity. 


(f) The image is 


(i) At F. 
(ii) Real. 
(iii) Inverted. 
(iv) Smaller than object. 


Fig. 11.12. Formation of image by concave 


mirror fc i ER 
of the object, or different positions 
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3. . Place one upright with а needle on it, so that the tip of the 
needle and the pole of the mirror are at the same horizontal level. 
Put this upright at a distance of about ‘Of? from the mirror. You 
should get an inverted image of the needle. Remove parallax bet- 
ween the needle and its own image as explained in § 11.07. This 
position of **no-parallax" is the centre of curvature “С” of the mirror as 
shown in Fig. 11.11 (d). The focus *F' is approximately at a distance 
of ‘f’ from the pole P of the mirror. 

4. Mount the second upright containing the needle on the 
optical bench, on the same side of the mirror. Keep the position of 
the object needle O away from the centre of curvature С as shown 
in Fig. 11.11(е) and remove parallax between its image and the second 
needle I, called the image needle. Note the position of the indices 
of the three uprights on the bench scale and then find *v and v. 

5. Place the object needle О at different positions, as shown 
in Fig. 11.11 (a, b, с, f) and trace the corresponding positions of the 
‘image by removing the parallax. 

The nature and composition of image formed for different 
positions of the object needle is mentioned along with the Fig. 11.11. 

6. Determine the index correction for the object and the image 
distances. 


Observations : 
(i) Rough focal length of the concave mirrror = _.....сш. 


(ii) For Index Correction :— 
Length of the knitting needle =y= oem. 
Observed distance between the mirror 
and the object needle O =r= CNK 
Observed distance between the mirror 
and the image needle I =а= 
.'. Index correction for u i.e., (y—2) = 


and index correction for v i.e., (y—2) сеп. 
(iii) Table for u and v. 
EE Inverse of the 
Position of Observed | Corrected | corrected u 

А and v 
o 
© Mirror | Objec | .mage | u y u v 1и 
m needle | needle | (OP)| (Ol) 
a P о I | сп. | ст. | ст. | cm. | emt 

(ст). | (ст). cm. 
PPS © se eres 9 
2. sesceo | ct | coocoo La 
Eb d enc RE ИРЕ 
4. Tees] € "ЕТЕ e; 
SRN: 

& I T oo) 

a ome e ere | case 


*See the footnote on page 98. 
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: 4 х 1 m. д 
Calculations. (i) Mean vaiue of ag from observation 


No. (2), (3) (4) and (6) z20m 


(it) Mean value of -pom observation (1) and (5) =......cm™? 
1 1 1 
"Thus mean of MEUS "y mean of =. 


Result. (A) Nature and composition of the image formed :— 


() With the help of a concave mirror the image formed is 
always Real except for the position of the object between the focus 


and the mirror. For this particular position a magnified virtual 
image is formed. 3 


(i) As the object approaches the mirror, the image moves away 
from the mirror and vice versa. р 


(iii) The more detailed account regarding the magnification and | 
nature of the image may be referred to Fig. 11.19 (a) to (f). 


(B) The relation between и, v, and f is 


M 251 
UI 


АКТУ 
The relation is true for all positions of the object needle. 


. Precautions. (1) The principal axis of the mirror should be 
horizontal and parallel to the length of the scale. 


z (2) The tips of the needles should be on the horizontal plane 
passing through the pole P of the mirror, ` i 


(3) The uprights should be rigid and vertical when the bed is 
levelled. 


(4) Parallax between the image and the image needle should be 
removed tip to tip. : эм 


(5) Object and image needles should not be changed or inter- 
changed for different sets of the observations, (Explain with reference 
to the index correction.) Also the necdles should not be rotated. 

(6) A piece of chalk may be rubbed to the tip of the object 
needle so as to get a distinct image. · 


^ 
* Тһе values of v and и for observations 1 and 5 are respectivel equal to 
the focal length f of the mirror by definition, : ES 
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4. REFRACTION THROUGH GLASS SLAB 
$11.09. Points to remember 


(1) When a ray of light travelling in one medium: comes across 
the surface of another medium in an oblique way, the direction of its” 
path in the second medium is changed, as 
shown in the Fig. 11.12 according to two 
laws, known as the Laws of Kefraction. 
These are : / 

First Law. The incident ray, the 
refracted ray and the normal to the sur- 
fac separation at the point of incidence, 
alli e three, lie in one plane. 

Second Law. The ratio of sine of 
angle of incidence to the sine of the angle 
of refraction is constant for the two media 
and this constant is called the Refractive 
Index of the second medium with respect Fig. 11.12. Refraction from 
to the first medium, Mathematically, air to glass. 

Sinz 
Sinz 


=p=Refractive Index. 


Here i is angle of incidence and r is angle of refraction. 
Sint 


This law, (i, SRF =p ) is known as Snell’s law. 


(2) Arising out of the two laws of Refraction, there are few 
points which are always helpful to remember. 


(i) The incident and refracted rays lie on either side of the 
normal at the point of incidence. 


(ii) А ray of light passing from a rarer medium to a denser 
medium bends towards the normal. Thus i>r. 


(iii) A ray of light passing from а denser medium to a rarer 
medium bends away irom the normal. Thus i«r. 


$11.10. Pupil's Experiment No. 2. 


Aim. To trace the path of rays through a glass slab, recording 
How angle of refraction changes with the angle of incidence. 


i Apparatus. А glass slab, drawing pins, sheet of paper, draw- 
ing board, pins, protractor, half: metre scale. 
y - Theory. Angle of refraction changes with the changes in the 
angle of incidence according to the laws of Refraction, such that 
Å | Sin? : 3 
Nur == Refractive Index, аз explained 
?n $11.09. 
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Procèdae. (1) Fix the paper sheet on the drawing board 


and then place the glass slab on it. Mark the boundary ABCD of the . 


slab on the sheet with a sharp p^ucil as shown in Fig. 11.13. 


Fig. 11.13. 


(2) Remove the glass slab and mark a point O nearly at the 
middle of the line АВ. Draw the perpendicular ON on the line AB 
and also draw lines OP, 00, OR and OS making angles of 30°, 40°, 50° 
and 60° respectively with the normal ON with a protractor. 


... (3) Now place the slab again in the position ABOD. Fix two 
pins vertically about 10 cm. apart, on the line PO. 


The experiment is repeated by fixing the needles on the lines 


OQ, OR ant OS also. Let the lines joining the position of the needles 
1,253, 4:5, 6 and 7, 8 meet the line CD at the points. E, F, @ and 
Н xeapestively, 


t€ —————————U 
————wa——————iáÁáÁ 
—t—————— ЕН 
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(4) Remove the slab and join OE, OF, OG and OH. Thus fer 
the incident rays PO, QO, RO and SO we get the refracted rays as OF) 
OF, OG and OH respectively. 


Measure the angles of refraction HON’, FON’, GON’ and HON’. 


(5) With the help of the sing table see the Sin i and Sin ¢ for all 
sets of observations. 


(6) In case sine tables are not available, the value of Sin i/Sin 7 
is calculated as follows. 


Draw a circle of suitable radius taking the point О as centre and 
draw perpendiculars on the normal NN’ from those points at which 
the incident rays and refracted rays meet the circumference of this 
circle (as shown in the Fig. 11.13). The lengths of these perpendiculars 
E for the case in which PO and OE 
are the incident and the refracted rays respectively, is given below 

_ Sin i ab/ob ab ob’ 4 


—-Snr abb WW. ob 
ab 


or' —-—?.. since ob—ob' (radii of the same circle) 
b= 70 ы 


‘drawn are measured. Now, 


Similarly the value of р from other observations can be cala 
culated. 


Observations 


S.N. |Angle of Incidence (i) Angle ote ok Sini| Sinr| Sini|Sinr 


-— 


#=mean 


Sinr 

Result. Angle of refraction (r) increases with the increase in the 
angle of incidence (i) such that sin i/sin r is a constant and is equal to 
...for air and glass. 
Precautions 

(1) The boundary of the glass slab on the paper sheet should 
be marked with a sharp pencil. 


(2) Pins should be fixed vertically and minimum distance bet- 
ween two pins on the same line should be more than about 8 cm. 


(3) The feet of the pins should lie in the same straight line. 
(4) Encircle the pin pricks, immediately after removing them. 
(3, The angle of incidence should lie between 30° and 70°. 
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5. PATH OF RAYS THROUGH A PRISM 


811.11. Points to remember. 


(1) Read the text under the heading “Points to remember”. 
of §11.01. 


(2) Fig. 11.14 represents the course of а тау EFGH through a 
glass prism whose principal section is ABC. HF, FG and GH are the 
incident, the refracted and the emergent Е A 

rays respectively. FN and GN are the 
normals to the faces 4B and AC respecti- .N 
vely. The angle i ande аге the angle ~ 
of incidence and the angle of emergence 
respectively. The angle D between the 
incident ray, EFT, and the emergent 
ray, PGH, is called the angle of deviation. 
If the angle BAC of the prism be repre- 
sented by A, then — 


B " 
Fig.311.14. Refraction through 
a prism. 

laxD-i-cd 2 
811.12. Pupil's Experiment No. 3. Bone 
Aim. To trace the path of rays through a given prism. 


Apparatus. Drawing board, sheet of paper, glass prism, pins, 
half-metre scale, graph paper and protractor. % T 

Theory. As discussed in the point (2) of 811.11. 

Procedure. (1) Fix the sheet of paper on the, drawing board 
and draw a line XY nearly in the centre of the paper and along its 
length. Draw the normals to the line XY at points 0 at suitable spac- 
ings and then the lines corresponding to the incident rays are drawn 
at angles of incidence ranging from 30° to 60° at intervals of 5° as 
shown in Fig. 11.15 with the protractor. 


Fig. 11.15. Tracing the path of rays through a prism. 
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ii) The prism is placed with опе of its refracting surfaces on 
the line XY and its boundary ABC is traced as shown in the Fig. Two 
pins P and Q are now fixed on the incident ray line and its image is 
viewed with the eye from the side AC of the prism. Fix two pins E 
and S on the paper such that the tips of these pins, and the images of 
the incident ray pins, all lie on the same straight line. Remove the 
pins Ё and S and encircle the pin-pricks. Join SR and produce it 
back to meet the face AC at E and PQ produced at F. Join OE and 
thus if РО is the incident ray, then OE and RS are the refracted and 
the emergent rays respectively. Draw arrow-heads to indicate the 
direction of travel of these rays. Measure the angle SFT which is the 
angle of deviation D. 

(ii) Repeat the experiment for different values of the anple of 
incidence and finally measure the corresponding angles of deviation D. 
Record the observations as shown below. 


Observations. Table for angles i and D. 


* No. of. Angle of incidence i Angle of Deviation D 
observation (inidegrees) (in degrees) 


зале 
à 


Еа а Аааа 
Graph. Plota graph by taking angle of incidence i along 
X-axis and angle of deviation D along Y-axis as shown in Fig. 11.16. 


Result. When a ray passes through a. prism then angle of 
deviation decreases for the in- 
crease of angle of incidence 
and attains a minimum value. 
But if the angle of incidence 
is increased beyond this value, 
the angle of deviation starts 
increasing again. 

Thus there is а particu- 
lar value of the angle of inci- 
dence for which the angle of 
deviation is minimum Dm. It 
is called the angle of mini- 
mum deviation. As shown 
in the Fig. 11.16, a line paral- 
lel to i-axis cuts the graph at 
i риш; It means Hat са ESL : 
angle of deviation can be o і > 
tained for two angles of inci- ү ANOLIS шонет QU 
dence. However, for the Fig. 11.16. #-D graph for a prisms 


> ANGLE OF DEVIATION (DY 


104 A NEW APPROACH TO PRACTICAL PHYSICS 


lowest point of the curve, there is only one angle of incidence. 
Precautions 


(1) The boundary of the prism should be drawn with a sharp 
pencil. 


(2) The point of incidence should beinthe middle portion of 
the prism. ‘ 

(3) The angle of incidence should be between 25° and 60°. 

(4) The same angle of the prism should be used for all the 


observations and therefore it should be marked with ink before the 
Start of experiment. 


(5) The pins P and Q should be well illuminated and all the 
pins should be fixed vertically such that their tips in contact with the 
paper are in the same line. 


(6) Encircle the pin-pricks immediately after removing them. 


6. CONVEX LENS 
$11.13. Points to Remember 


(1) Convex Lens. A convex lens is a transparent medium 
bounded between two curved surfaces or One curved surface and the 
other plone surface such that it is thicker at the central part than at 
the edges. The nne passing through the centres of curvature of the 
two surfaces is called the Principal Axis. These jenses arc also 


called vergent Lenses because they converge the rays of light 
falling on them. 


(2) Definitions | 


Optical Centre. It is a fixed point in a convex lens and has 


the property that the rays passing through it do not suffer any devia- 


tion due to lens. Thus the incident and emergent rays are parallel. 


=y 


Fig. 11.17, Principal Focii of a convex lens, 
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PrincipalFocus. When a parallel beam of light, parallel 
to the principal axis, passes through a convex lens, it converges at a 
point F on the principal axis on the other side of the lens as shown in 
Fig. 11.17. This point F is called the First Priacipal Focus. The 
‘distance between the optical centre O and the first principal focus F 
is called the First Principal focal length or simply the Focal 
Length. There is another point P' at the same distance (equal to 
focal length) from O on the other side of the lens which is called the 
‘second principal focus. The property of the point F” is that rays 
‘starting from this point are rendered parallel after passing through 
the lens as shown in Fig. 11.17. 


(3) The object distance v, image distance v and the focal length 
fare related by the formula i a i= Tes 

(4) Sign Conventions. (i) Incident rays are taken from the 
left towards right on the lens. (See 
Fig. 11.18. 

(ii) All the distances are 
measured from the optical centre as 
origin along principal axis. 

(їй) Distances measured in 
the direction of the incident rays 
are taken positive. 

(iv) Distances measured oppo- 
‘site to the direction of the inci- 
‘dent rays are taken megative. Fig. 11.18. Cartesian sign çon- 


(5) For optical bench, Index weations dor еу 
‘correction and parallax read 811.07. ~ 


$11.14. Pupil's rxperiment No-4.. 

Aim. (i) Recording the observations abou. nature and 
position of the image as the cbject distance is changed. (ii) То 
"determine the relationship between u, v and f. 

Apparatus*, A convex lens of short focal length, two needles, 
three uprights, one clamp, an optical bench, a half-metre scale and a 
knitting needle. 

Theory. Ifa needle be placed beyond the focus of a convex 
lens, its real inverted image is formed on the other side of the lens. 
The position of the image may be located with the help of another 
needle by removing parallax** between the tips of the image and the 
Second needle. If w, and v are the object and the image distances 
respectively, the focal length of the lens is given by the relation, 

Т 1 * 


JUL СУ А 
Sign Convention must be followed while putting the values of шапа 
v in this formula. 
*The experiment can also be done by candle and screen method, 
**Read § 11.07, point 5. 1 
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Procedure. (1) Determine the focal length of the lens 
-approximately by focusing a sharp, clear and inverted image of a 
"distant object on a white paper. Let this focal length be f. 


(2) Mount the lens in the clamp. Mount the clamp with lens 
on the central upright of an optical bench and the two needles on the 
remaining two uprights. Arrange the tips of the needles at the same 
vertical height as the centre of the lens. The Principal Axis of the 
lens should be parallel to the scale. Mark one of the needles 
as the object needle and the other as the image needle. 


(3) Determine the indez corrections* to be applied to и and v 
with the help of the knitting needle and the half-metre scale. 


Note the positions of the indices of 
needles and the lens and thus find the observed u and v. 


Apply index 
Corrections to get correct ш and v. 


(5) Repeat the observations for different positions of the object 
€ with respect to the lens as shown in Fig. 11.19 (d, c, b, a, f). 
Observe the nature and size of the image in each case, 


Observations 


C? Approxiraate focal length of the iens (f) 2...cm. 
(ii) For Index-Coyrcction. 


Actual length of the knitting needle (y)=...cm. 


Observed corresponding distance between 
the object needle and the Jens (z)=...cm. 
Observed corresponding distance between 
the image needle and the lens {1 =...ст. 


<. Index Correction for и, (у—х)=...ст. 


and Index Correction for v, (y—2)7...cm. 


* read § 11.07 point 8, 
** read 8 11.07 point 5. 


the uprights carrying the 
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(iii) Table for u and v. 


Sets Position of Observed Corrected 


obs. Object|In grum y » =o 
сбат) | m) | (em) | (em) | (сп) 
1. ELTE mcum] ТИЕТ УЕ 
5, А жЕ bees 0 17 
6. e" 5a "ө E 

Mean l ++- ew (from abservations 2, 3, 4 and 6). 


' 
Mean m =......from observations 1 and 5. 
it is seen from the last column of the observadon table that - 
for all the readings 
1 


1 
=z + Сопзіапі (1) 


+ 
To find out the value of|this constant let us consider the 
` special cases regarding 
QE TE 
и v 
Case I. When the object is at infinity, e. uesco in that case 
equation (1) gives 


1 1 
nhe =constant=k (say) 


1 
E 
. But according to the definition of first principal focus F (Sce 
point 2 of 811.13), in this case, v is nothing but first Principal Focal 
Length ( f) because when the object is situated at infinity then rays 
falling on lens are parallel. Hence б 


v= 


mus 
or k=1/f (2) 
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Case If. When the image is formed at infinity Фе. 9250 
Putting v=% in equation (1), we get 


l JE = =constant=k 


u 
1 zi. 
P or ш т. 


But according to the definition of the second principal focus F” 
(sce point 2 of §11.13), in this case, w is nothing but second principal 
focal length ( f). 


"Therefore in this case, 
1 
u=f= - Hence k= Ton (3) 


Thus from equations (1), (2) and (3), we conclude that for a 
convex lens 


1 1 1 
a ee AE) 
А zy yy (4) 
` Result. (A) Nature and composition of the image for 
* t positions of the object with respect to the Convex Lens is 
illustrated along.with the Fig. 11.19. (a) to ( f). 

(i) When the object position is at a distance greater than 1р 
‘always а real inverted image is formed. 'The image moves away 
from the lens as the object approaches the point 7. TN 

(či) When the object is placed at the focus P, the image is ` 
formed at infinity or the emergent rays are rendered parallel. 


(ii) When the position of the object is between F and the lens, 
-a virtual erect and magnified image is formed. 


(B) ine relation between u, v and f for a convex lens їз estab- 
to i 


ol 1 


dished 


à Precautions. (1) Tips of the needle should be as high as the 
optical centre of the lens. z 


(2) The upright should not be shaky. It should be vertical. 


Кл (3) The principal axis of the lens should be parallel to the 
scale, с 


(4) The parallax should be removed tip to tip. 


... (5) Place your eye away from end of the bench so that the 
distance between the image needle and the eye is more than 25 ст, 
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(6) Chalk piece may be rubbed on the tip of the object needle 
to make the image shining. 


(7) Index corrections should be determined carefully. For this 
purpose the position of the object and the image ncedles should 
neither be interchanged nor rotated. 


7. TELESCOPES AND MICROSCOPES 


$11.15. Telescope 


It is an instrument used for seeing the details of far off objects 
as they are not clearly visible to the naked eye. Telescopes may be 
put into two categories : 


(i) Refracting Telescopes and (ii) Reflecting Telescopes. . - 


Further there are many types of telescopes in both the categories, 
We shall discuss here only the Astronomical Telescope which is a 
refracting type of telescope. 


$11.16. Group Activity No. 1. 
‘Aim, To prepare a model of an astronomical telescope. 


Apparatus. Two lenses of focal lengths say 30 cm. and 5 cm. 
Two tubes 7, and 7’, (card-board tube, bamboo tube ov suitable 
metal tube) of lengths 40 cm. and 8 cm. respectively, suitable tools 
for fixing the lenses in the tubes. 


The internal diameters of the tubes should be slightly smaller 
than the sizes (diameter) of the lenses to be fixed. The external 
diameter of T, should be such that it can slide in the tube 7}. 


Theory. The front lens of a telescope which points towards 
the object is called Objective. The purpose of objective is to collect 
light irom the distant object and to form a real image of it in front 
of the second lens, which is called the Hye-Piece because it is near 
the eye of the observer as shown in Fig. 11.20. It F and f are the 
focal lengths of the objective and the | eye-piece respectively, then the 
distance between the two lenses is (F-rf). For this separation of the 
two lenses telescope is said to be in the normal adjustments. The 
objective Г, forms the real image of the distant object at the com- 
mon focal plane of the two lenses. This image acts like the object 
for the eye-piece and thus the final image is formed at infinity. ОГ 
course, the parallel rays emergent out of the eye-piece are tocused 
by the cye at its retina. For the normal adjustment, the eye sees 
the image іп a relazed manner. "The magnifying power of the tele- 
scope under normal adjustments is equal to (F/f). 
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Procedure 


jecti d of 
1) Fix the objective lens Г, (30 cm. focal length) at one еп 
the d T, ER ihe ese ске Г. (5 cm. focal length) atone end of 
the other tube Т» as shown in Fig. 11.20. 


PH Provision 
Slide the tube 7, into the tube Т, as shown. 
site inide such that the tube 7, does not come out of the tube 
T, automatically. Now this telescope can be used to observe distant 
objects as discussed below. 


(3) Point the telescope towards a distant object such that its ob- 
jective Z4 is towards the object and the eye-piece Г, is close to the eye 
ofthe observer. Now adjust the position of the eye piece by sliding 
the ‘tube 7, to get a distinct and inverted image of the distant 
object. 


Fig. 11.20. Course of rays coming from a distant object through a telescope. 


Note: Students may apply their own skills also, for the proper 
fitting of the lenses, 


$11.17. The Compound Microscope. 
It is an instrument for seeing small objects which are not visible 


clearly to the naked eye. This instrument consists of two lenses of 
short focal lengths arranged as shown in Fig. 11.21. The first of these 
lenses, called the objective, produces an enlarged, real, inverted 
image J, of the small object О. 


The image 7; then acts as an object for the eye piece. Now 
the eye-piece makes a virtual, and enlarged image J, of J,. his 
image J, is seen by the eye. 
§11.18. Group Activity No. 2, б 

Aim. То prepare a model of a compound microscope. 

., Apparatus. Two lenses of short focal lengths (preferably 
watch maker's lenses of focal lengths 5 cm. and 20 cm.), three tubes 
Ti, Т, Ts, of lengths 4 cm., 30 cm., 10 cm., respectively (the internal 
and external diameters of these tubes should be such that. the arranges . 
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Fig. 11.21. Course of rays through a compound microscope. 


ment as shown in Fig. 11.22 can be fitted), woodenrring W, W, for the 
proper fitting of the objective and proper tools for the fitting. 


Я 


а а Se но ро вав, 


\ 
4 
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Fig. 11.22. Demonstration model ef a compound microscope. 
Theory. Scc 811,17. 
Procedure 


(9 Fix the objective lens (5 cm. focal length) at one end of 
the tube Т, and the eye piece (20 cm. focal length) at one 
end of the tube 7. 
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(îi) Fix the objective tube assembly, 7, to one end of the tube 
T, with the help of wooden ring W as shown in Fig. 11.22. 


(3) Slide the eye-piece tube Тз into the other end of the tube 
Т, as shown. After adjustments of the tubes, this micro- 
scope is ready for observations. 


{iv) Now point the objective of the microscope towards a small 
and nearby object, say a fine print of a book, and look 
through the microscope such that eye is very close to the 
eye-piece. Adjust the distance of the eye-piece by slid- 
ing the tube 7’, to get a distinct image of the object. 


Note. Students may use their own skills to fix the lenses properly 
in suitable tubes. 


QUESTIONS 


Viva-Voce on lenses, mirrcrs, etc. 
1. What do you mean by a spectrum ? 


2. Explain the terms focus, focal length, radius of curvature and pole of. 
a mirror. 


KN 


Under what condition a virtual image is formed ‘with a concave 
mirror ? 


4. ]sit possible to have a real image with a convex mirror ? 

5. What are the practical applications of curved mirrors ? 

'6. Define the terms focus, focal length, optical cèntre and power of a lens 
7. Isit possible to get a real image with a concave lens ? 

8. How will you judge whether a lens is convex or concave ? 

9. Explain the functions of a telescope and a microscope. 


10. How will you judge whether a given mirror is planc or concave or 
convex ? 


1l. What do you understand by index error and index correction ? 

12. What do you understand by removing parallax ? 

13. How will you remove parallax betweerran object and an image ? 
14. Can you remove parallax between an object-and its virtual image ? 


Can you determine the focal length of a convex mirror by the method 
mentioned in $ 11:08 ? 


16. Cam you determine the focal length of a concave lens by the method 
mentioned in § 11-14. 


17. How can a small shop be made to appear spacious ? 
Why is a concave mirror sometimes used as a shaving glass ? 


Why a convex mirror, (о be изе in front of a “driver, is preferable 
over a plane or concave mirror ? 


C*n you see the back of your head with the help of two mirrors ? 


| 
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Electricity and Magnetism 


1. ACCESSORIES FOR ELECTRICAL EXPERIMENTS 
$12.01. 


1. Source of e.m.f. or cell Itis the source of electrical 
current in conductors. The cell maintains a potential difference 
between its two electrodes by virtue of the chemical reaction going 
on inside the cell. There are two types of cells. 

(a) Primary cells and (b) Secondary cells. 

(a) Primary cells. These are the cells in which the chemical 
'action going on inside the cell supplies directly the electrical current. 
"These cells do not require charging by a separate source. The 
primary cells commonly used in the laboratories are : : 

^ti) The Leclavche Gell. This. cell consists of a glass vessel 
containing a strong solution af ammonium chloride. The Positive 
Electrode is a carbon rod placed + + 
inside а porous pot. The = 
space between the porous pot 
and the carbon rod is filled 
with manganese dioxide and 
charcoal powder. The 
Negative Electrcde consists of 
а zinc rod dipped inside the 
solution. The e.m.f. of the Р 
cell is 1:45 volts. A sketch of 27-7 
this cel] is shown in Fig. 12.1. З 

Leclanche cell is used 
for the intermittent supply of 
ES Thus itis suitable ir In 
electric ‘bell, tclephone and А Jt 
telegraph operations. Inside EN 
the laboratory, this cell is К 
suitable for experiments like Fig. 12.1. Leclanche cell. 
slide wire bridge, post office 
box. 


(ii) The Daniel Cell. This cell consists of a copper vessel 
containing a saturated solution of copper sulphate; To maintain the 
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copper sulphate solution saturated, there is provision for kceping the 
copper sulphate crystals which are dipped in the solution as shown 
in Fig. 12.2. The copper vessel itself acts as the Positive Electrode. A 
porous pot containing dilute sulphuric acid is dipped inside the copper 
sulphate solution. А zinc rod dipped іп the sulphuric acid solution 
acts as the Negative Electrode. The e.m.f. of the cell is 108 volts 
which remains fairly steady. 


(iii) The Dry Cell. We all are familiar With this. cell as it is 
generally used in torch and transistor radio etc. . This- cell essentially 
is a leclanche cell in which the electrolyte is taken in the form of a 
paste. > 


(b) Secondary Cells. These cells are first charged by passing 
a current through them with the help of a separate source of c.m.f. 


601, - 
Crystals) 


24,50, E Ca. 500 


(CONTAINER) 


Fig. 12.2. Daniel cell. 


(say a charger). Thus energy is stored or 
by way of the charging process and henc 
Storage cells or Accumulators. After 
for supplying current. ‘There are two 
the laboratories as discussed below : 


(8) The Lead-acid Accumulator. T his cell consists of a glass. 
ar plastic vessel containing diluts sulphuric acid of specific gravity 
1:21.. The positive post ог anode consists of a Grid of lead.. The 
grooves of the grid contain a paste of lead peroxide. The negative 
20st or cathode is a special preparation of spongy lead. The c.m.f. 
of this cell is 2 volts. This cell can supply large current continuously 
for several hours. When the cellis in use, the specific, gravity of 
mulphuric acid decreases and when the sp. gravity falls 01.18, corres- 
ponding to an e.m.f.. of 1.8 volts, the ccil requires rethárging. The 
Fe d a battery of 6 volts made out of these cells is shown in 


. accumulated. in these cells 
e these cells are also called 
the charging, the cell is ready 
types of. accumulators used in 
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(iii) The Alkali Accumulator or Ni Fe cell or Edison 
cell. This cell consists of an ale ninium vessel containing 21% solution 
of caustic potash in water. The negative plate consists of an iron 
powderrigidly held in perforated capsules. Nickel peroxide held 
in perforated cylinders constitutes the positive plate. The c.m.f. 
of the cell is 1°35 volts. Although the e.m.f. of this cell is not as 
steady as that of an acid accumulator, but it is very suitable where 
handling of the cell is rough. Тһе life of the cell is long. 


Positive Fost 


Се! Connestor 


Fig. 12.3. Acid Accumulator. 
(2) Key. The purpose ofa key isto pass the current or to 


(a) 


(a) Plug key (b) Tapping key 
Fig. 12.4. Keys. 


stop the current гр desired in a circuit. The common forms of the 
keys used in the 'aboratories are 
shown in Fig. 1274.2) and (b). When 
the current is not required, an air 
gap is intreduced betwcen the two 
terminals of the key. Fig. 12.4 (a) 
and (b) represent a plug key anda 
tapping kcy respectively. 

(3) Rheostat. It is used to 
decrease or increase the current 
in a circuit. It consists of long 
resistance wire of eurcka (constant Fig. 12.5. Rheostat; 
an) or magnin which is wound over 


118 A NEW APPROACH TO PRACTICAL PHYSICS 


a non-conducting cylinder as shown in Fig. 12.5. The ends of the 
wire are connected to the binding а 


terminals 4 and B. А rod D is 
attached to the frame such that a 
slider or jokey can slide on іє and 
also can maké contact with the 
wire windings. The purpose of this 
construction is to introduce varying 
amount of resistance ina circuit. 
(4) Ammeter. This ins- 
trument is used to measure the 
magnitude of current ina circuit. 
It has a low resistance. It is 
always connected in series with the 
circuit in which the current is to 
be measured in such a way that 
the current enters at its positive 
terminal and comes of the ammeter 
from its negative terminal Fig. 12.6 
represents an ammeter which can measure currents upto 3 amperes, 
(5) Voltmeter. This 


potential difference. It is sim 
resistance. It is always co 


Fig. 12.6. Ammeter. 


instrument is used to measure the 
ilar to an ammeter but has a very high 
nnected in parallel to the conductor or 


eb га mw Hh | 
(Series) 
Compensez——t  conneneta Ж 
(rix22) 1 i (NaViable) | 


Вї$3$тАмтЕ--ААЛЛҮ\Д- key he 


(Sixsp) 
ONE 
RAESSTAT -WAM OR man 
| 


AMMETER >A VOLT METER 00у — 
Cai Onn | 
ЕЕ 2 


EARTH _1_ 
> 
Fig. 12.7, Symbols for electrical components, 
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the source of e.m.f. whose potential difference is to be measured in 
such a way that its positive terminal is connected to the positive and 
negative terminal is connected to the negative of the source. 


(6) Symbols used in Circuit Diagrams. Fig. 12.7 illus- 
trates the symbols used for different clectrical. components. 


2. INTERACTION BETWEEN CURRENT CARRYING 
CONDUCTORS z 


$12.02. Points to remember. А 
(1) Magnetic field is always associated with an electric current. 


(2) Straight conductor. The direction of the magnetic field 
produced by a straight conduct- ` 
ог carrying current is. given by 
the Right Haud grip tule. 
Imagine -the straight wire to be 
grasped in the right hand with the 
thumb pointing along the wire 
in th direction of the current, 1, : o yx g- 
(covintional)*. The direction of Fig. 12.8. Right;hand grip rule. 
the fingers will give the direction of the ia ee Леа, Н, as shown in 
‘Fig. 12.8. The magnitude of the field produced at a point depends 
upon the strength of the current flowing, the distance of the point 
from the conductor, the situation of the point with: respect to the ends 
of the conductor and the medium surrounding the point. 1 


(3) A conductor carrying current, is acted upon by a force when 
it is placed in an external magn:tic field which is produced by some 
other source. The direction of the force is given by Fleming's Left 
Hand Rule when the direction of the current and the external riag-' 
netic field are perpendicular. 2 E 


Fleming's Left Hand Rule. Stretch the first finger, middlé 
finger and thumb of the left hand [as shown in Fig. 12.9. Hf the 
i first finger points in the direction of 
the magnetic field, the middle finger 
points in the direction of the current, 
then, the thumb will point in the 
direction pf the force on the conduc- 
tor carrying the current. Hence 
the conductor will move in the 
direction in which the thumb pois: 
out: This rule for getting the direction 
2 of motion of conductor carrying саз. 
Fig. 12.9. Fleming's Left Hand Rule. rent placed in perpendicular magneti 
[us £field is known as F.L.H. rule, 


S = SEE т - — 

The conventional direction of electric current is opposite to the directions 
of electron, flow. Thus the conventional current flows from positive towards negatiy: 
due to a cell in the external circuit. 
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(4) When there are two current carrying conductors placed 
closeby, not necessarily parallel as shown in Fig. 12.10, there will be 
attraction or repulsion 


between them depending LA oS SS 
upon the relative direc- . d se vez 
tions of the currents as i ss А 


. Attraction "> Repulsin 
discusscd below : MD 1 
aoe E AA à 
(i) There will be са) (b) 
xen udi ira Ы Fig. 12.10. Action of current on current. 


are either the same or they appear t 
a point as shown in Fig. 12.10 (a). 


(ii) There will be repulsion if the directions of the two currents 
are opposite as shown in Fig. 12.10(D). 


(5) Unit of electric current: The Ampere. One ampere 
is the current which, if flowing in two straight wires of infinite Jength 
placed 1 metre apart in vacuum, will exert on each of the wires a 
force of 2x 10-7 newton per metres length of the wire. 

(6) Quantity of Electricity : The Conlomb. A coulomb 
is the quantity of electricity which passes any point in a circuit in 1 
second when a steady current of 1 ampere is flowing, 
(7) Unit of Potential Difference : The volt. 
are said to be at a potential difference of l volt if І joule of work is 
done when 1 coulomb of electricity passes from one point to another. 


(8) Electromotive force or E.M.F. of a cell. The emf. 


ofa cell (in volts) is defined as the total work done in joules per 
coulomb of electrici 


ty conveyed іп a circuit in which the cell is 
connected, 


о converge to or diverge from, 


Two points 


$12.03. Demonstration Experiment No. 5 


Aim, 


1 To demonstrate the interaction be 
ing current. 


tween two wires carry- 


Apparatus. Thick copper Wire, mercury ina metal dish, 
a tapping key, a battery of 2 to 4 volts, two metallic hooks, a wooden 
stand and a rheostat. 


Procedure, (4) (i) Arrange the circuit connections as shown in 
Fig. 12.11 (a). 


(ii) Note the Spacing of the parallel Copper wires АВ and CD. 
(i) Now pass a suitable current by pressin i 
table t g the tapping key 
(T.K.) as shown in Fig. 12.11 (5) and note that the spacing 


сазе is at the ends in contact 
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with the help of the rheostat and note that the spacing 
further decreases. = 


(b) (C) 


Fig. 12.11. Action of current on current. 


(B) (i) Now arrange the circuit conncctions as shown in 
» — Fig. 12.11 (с). 


(ii) Pass the current by pressing the tapping key and note that 
the spacing between the wires increases, the maximum 
separation between the wires being at the ends in contact 
with mercury. Thus for the currents tn opposite direc- 
lions there ia a force of repulsion between the wires. 


Conclusion. (A) Two parallel wires attract each other if they 
have currents in the same direction. 


(B) Two parallel wires repel each other if they have currents in 
opposite directions. 


3. V,I (VOLTAGE, CURRENT) Characteristics 
$12.04. Points to remember. 


(1) Current. Electrical current is the flow of charged par- 
ticles. In the case of current through metals and -other solid con- 
ductors it is due to the flow cf electrons. The direction of current, 
also called conventional current is opposite to the direction of flow of 
electrons. 

(2) On the basis of their capacity to conduct electricity, matters 


are divided into three categories: Conductors, Semi-conductors 
and Insulators. 


Conductors. The materials inside which large number of free 
electrons are available to conduct electricity are called conductors, In 


metals such free electrous, are available in abundance and metals are 
therefore, good conductors. 
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Semi-conductors. These are the materials in which very few 
electrons, are available to conduct electricity. Silicon and Ger- 
manium are popular examples of such materials. 


Insulators. These are material in which no free electrons are 
available to conduct electricity. Mica, dry wood, etc. are the exam- 
ples of Insulators (bad conductors) of electricity. 


(3) Ohm’s Law states that the current passing through a con- 
ductor is directly proportional to potential difference between’ its ends 
provided the physical conditions (i.e. temperature etc.) remain the same. 
remain the same. Mathematically, 

Vol 


or V—IR ; 


where V and / are the potential difference and the current respectively. 
R is a constant, called the resistance of the metal or wire. Resistance 
depends uponsthe dimensions of the conductor and nature of its 
material The SJ unit of resistance is ohm. The tendency of rcsis- 
tance is to offer obstruction or hindrance to the flow of current. 


Ohm's Law holds good for conductors and semi-conductors. 
Ohm's Law is not valid for the vacuum tubes like diodes and 
triodes and for the conduction through gases. 


(4) The ohm. One ohm is the resistance of a conductor 
across the ends of which a potential difference of one volt is deve- 
loped when a current of one ampere passes through it. 


$12.05. Pupils Experiment No. 5(a). 
.. Aim. To study the variation of current with the potential 
difference applied (i.e. Ver characteristics) across a conductor. 


Apparatus. A D.C. voltmeter (0.5 volts), 
wire of about | metre length | streched between 
non-conducting board, an ammeter (0—1:5 а 
ohms). 


eureka (constantan) 
two terminals on a 
mps) a rheostat (10 


Procedure 


(1) Arrange the apparatus on the working’ table in the labora- 
tory and assemble the circuit connection as shown in Fig. 12.12. АВ 


represents the experimental wire or coil, “The ammeter is connected 


in series with the wire АВ and the voltmeter is connected in parallel 
i.e. across AB. Note the zcro errors of the ammeter and voltmeter, if 
any. 

(2) Insert the plug key K and adjust the rheostat Rh to pass 


a small current.in the resistance . wire AB. Note the voltmeter and 
ammeter readings, 


(3) Go on increasing the current step by step by adjusting the 
slide contact maker of the rheostat Rh and take about six sets of 
observation. Note the ammeter and voltmeter readings in each set, 
Tabulate the observations as detailed below. А 
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Fig. 12.12. Circuit arrangement for studying the V, Ij characteristic 
of a conductor 4B. 


(4) Take the ratio (V/I) for the voltmeter and the ammeter 


readings in each case. You will observe that V/I is practically cona 


stant. 
(5) Draw a graph by plotting the ammeter readings (I) along 
the X-axis and the corresponding readings of the voltmeter along the 
Y-axis as shown{in Fig. 12.13. ' 
Observations and Calculations 
Range of the ammeter =... 
Zero error of the ammeter = 
Range of the voltmeter = 
Zero-error of the voltmeter = 
Variation of V and I. · 


Ammeter readings Voltmeter readings 
б (Т) (V) 
4 y 
d eR 
6 Observed | Corrected | Observed Corrected 
(amp) (amp) (volts) (volts) 
14 
2. 
2: 
4. 
5. 
6. 


Mean T e Ro. ohms, 


124 A NEW APPROACH TO PRACTICAL PHYSICS 


Conclusion. The potential difference (V) across a conductor 
is linearly proportional to the current (J) passing through it as indi- 
cated by the straight line of Fig. 12.13. The ratio (F/I) is called the 
resistance Ё of the conductor. 

Graph. The plot of V and J isa straight linc passing through 
the origin. To determine the resistance R from the graph read the 
current value, say 1.5 amp. corresponding to a given voltmeter reading 


say 3 volts and take ratio i.e. 3:0/1:5—2 ohms. Thus the resistance of 
the conductor AB is 2 ohms. 


= 25 = Const = R 


am ШИШЕ 
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zd aa ot 
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=з» CURRENT (I) amp 


Fig. 12.13. 


V, I characteristic of a conductor (resistor) is a straight line. 
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Precautions. (1) Draw a neat circuit diagram showing the 
scheme of connections and get it checked by the teacher. 


(2) Clean the ends of the connecting wires by sand paper and 
then make ncat, clean and tight connections. 


е (3) Get your circuit connections checked by the teacher before 
passing the current. 


(4).Close the key only when you are taking readings. 
(5) Take care that the battery is not short circuited because by 


doing so, a heavy current is suddenly drawn from the cells due ta 
which the plates of the cells may be destroyed. 


(6) Note the zero errors and the ranges of the ammeter and. 
voltmeter. : | 


(7) Positive terminal of ammeter and voltmeter should Бе con: 
nected to the positive pole of the battery and the higher potential, 
terminal B of the wire AB respectively. 


(8) A low resistance rheostat should be used in order to change 
the current smoothly. 


(9) The voltmeter must be of high resistance. 


(10) Excessive current should not be passed in the wire AB: 
otherwise due to large heating its temperature may increase. Due to 
increase in temperature the ratio V/I may not remain constant. 


512.06. Pupil's Experiment No. 5(b). 


Aim. To draw the (V+) characteristics of a vacuum diode 
valve. 

Apparatus. A diode valve preferably with directly heated. 
filament like 5 U 4 or 6X5, the valve holder, filament heater supply 
(L.T.) of about 6 volts and 3 ampere capacity, high tension supply ` 
(H.T.) to provide positive potential to anode (it may bea dry battery 
of 45 volts or a suitable power supply), two ammeters of range 100. 
mA and 2:0 amp., a voltmeter reading upto 100 volts, two rheostat 
of 10 Q and 1000 Q, two plug keys and connecting wires. 


Theory. (For the construction of a diode valve read $ 13 04). 


When the cathode of a diode valve is heated, then electrons are 
emitted which collect in vicinity of the cathode and form a cluster. 
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called the *space charge". If tbe 
anode potential with respect to the 
cathode is zero or negative, the 
electrons remain near the surface 
of the cathode. But when the anode 
is maintained at a positive potential 
"w.r.t. the cathode, some of the 
electrons from the “space charge" 
reach the anode by passing through 
the vacuum and thus produce 
"*anode current”. The anode current 
increases with the increasing anode 
potential and finally reaches a 
constant value., For further in- — Anode Voltage ( Va) 
Crease in the plate “potential the (voLTs) 

anode current does. not increase. 

This constant current is called the Fig. 12.14. V, I characteristic 
“saturation current" and it is of a vacuum diode, 
larger for the larger filament heating current as shown in Fig. 12.14, 


бе FILAMENT TEAR 
B 


SATURATION 
CURRENT 


e Anode Current (Ia), mA 


Fig. 12.15, Circuit diagram to determine the VI, characteristic 
curve of a vacuum diode 


Procedure. (1) Draw a circuit diagram as shown in Fig. 12.15 
and make circuit connections according to this diagram. Care should 
be taken to m&ke the connections for H.T. which is a “potential . 
Uivider* with the help of 1000 Q rheostat (Аһ) and the battery. 

(2) Close the 
the help of the rhe 
red hot. 


plug key K and adjust the filament current I; with 
(ne rheostat Zh, and the ammeter „А, until the filament is 
For 5 U 40r6x5 diode, it may be about 1 amp. 


(3) Apply about 5 volts positive potential to the anode out of 
the H.T. by closing the key K, and note the anode current / in the 
milli-ammeter mA. Note also the voltmeter reading Va. 
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.(4) Increase Va in steps of 5 volts or so, and note the corres- 
ponding anode current Ia. Care must be taken to keep the filament 
current constant. 


(5) Repeat steps (2), (3) and (4) for two different filament 
currents. 


(6) Tabulate the observations as shown below : 
Observations. Table for Va and Ta. 


= 
Filament Current І; ^ 


Ло. First Value—...amp. : Third Ёайё=...атр. 
Obs. | —— e -- SS = > 
bs, Va we E m 
in volts in mA in.volts | in mA. 


Graph. Plot a graph between Ja along y-axis and Va along 
x-axis for each value of Гу. Plot all the curves on the same graph 
with the same scale as shown in Fig. 12.14. 


Conclusion. The variation of Ja with Va does not obey 
ohm's law, since the curve is not a straight line. 


Precautions. (1) Va, Za, and I; should never exceed the 
maximum values prescribed for the diode valve. 


(2) The negative terminal of the milli-ammeter mA should be 
connected-to the anode. $ 

(3) For one set of observations, to get one curve, the value of 
I; should be kept constant. 

(4) Positive of the H.T. “potential divider" should be con- 
nected to the anode and the negative to the cathode. 


$12.07. Pupil's Experiment No. 5(c). 


Aim. То draw the (V —/) characteristics of a semiconductor at 
room temperature. 


Apparatus. A single crystal of gcrmanium, Ge, having a length 
of about 2 cm, and an area of cross section of 5^ mm. square (the 
crystal may be either intrinsic or extrins - ptype or n-type); a 
battery of about 6 volts, a rheostat, a ini mmeter, a voltmeter, zinc 
sulphate, hydrochloric acid, and soldering arrangements. 


Making connections to the crystal. A solution of ZnCl, 
is prepared by dissolving ZnSO; in conc. HCl. This solution is applied 
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at the end faces by the crystal to clean it. Now soldering material 
(Zn/Pb) is applied at these faces with the hot soldering* iron. Now 
copper wires are soldered to the ends of Gs crystal to make connec- 
tions. Coating soldering material at the ends ensures good electrical 
contact of the copper with the entire face of the crystal. 


Theory. In semiconductors, at room temperature of about 
300°K, some charge carriers are present which may conduct electricity. 


The relation between the current (J) and the applied voltage (V) 
is linear and it follows ohm’s law. 


Procedure. (i) Arrange the apparatus on the table and make 


neat, clean and tight connections as shown in the circuit diagram of 
Fig. 12.16. Note the R 


zero-grror, if any, in 
the milli-ammeter and 
the voltmeter. 


(ii) Insert the 
plug key K, and 
adjust the rheostat 
to passa small current 
through the | crystal 
MN. Note the am 
meter and the volt- 
meter readings. 

(iii) Now go on 
increasing the current ; 
step by step and record Fig. 12.16. Circuit diagram for the study of 
about six observations. V, 1 characteristic of a semi-conductor. 


Tabulate the observations as Zn the observation table of thc previous. 
expt. No. 5 (a). 


(iv)' Calculate the value of (V/I) in each case. 


(v, Draw a ‘graph by plotting the ammeter readings along 
X-axis and the corresponding voltmeter reading along the Y-axis. 
The graph is similar to Fig. 19.13. 


Conclusion. Asis clear from the graph; V-I characteristic 


curve of a semi-curiductor is a straight line. Thus Ohm's Law is true 
for a semi-conductor. 


Precautions. (i) The contacts M and 
ends must be good. ba? 


(ii) Usually the current through a semi-conductor is low and 
hence a milli-ammeter of suitable range should be used. 


(iii) For other precautions see page 125. 


N with the crystal 


$82.08. Pupil's Experiment No. 7 (a). 


., Aim. To verifiy the laws of resistances in (i) serics and 
(ii) parallel, by using an ammeter and a voltmeter. 


* For soldering read chapter 15, 
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Apparatus. Two unknown resistances (either two resistance 
coils or two pieces of resistance wires of different lengths), an ammeter 
and a voltmeter of suitable ranges, rheostat of about 10 Q resistauce, 
an accumulator, a plug key, connecting wires of copper and a sand 
paper. 

Theory. Two ог more than two resistances, say ту, 7, е etc. 
are said to be connected in Series: if they are connected end to end 
as shown in Fig. 12.17 (a). The resultant resistance R of the series 
combination between the ends A and B is given by 


R=r7,+172.+173 a) 
5n 7; 7 
“WW 8 — NANNANNNNS—8— NN 0- 
A B (a) с D 


5 w 


Fig. 12.17. 


Thus the resultant resistance R is larger than the individual resistances. 
Two or more than two resistances, say 7,, fa, 73, are said to be cone 
nected in Parallel when one end ofeach coil is connected at one 
point, say A, and their other ends are connected to another common 
point, say В as shown in Fig. 12.17 (b). The resultant resistance R of 
this parallel combination between ends 4 and B is given by the 
- equation : 
R т, Tu zl: Ta (i2) 
The resultant resistance R is always smaller than the smallest 
resistance out of f}, r, and ra. 
Procedure. (1) Determine the individual resistances rj, fs, fa 
as explained in $ 12.06 by making the circuit connections in accote 
dance with the circuit diagram of Fig. 12.18. The resistance R should: 


Fig. 12.18. Circuit to determine the resistance R, 
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be replaced by the individual resistance ту, 7a and ту in turn. Note the | 
vero errors, if any, of the ammeter and voltmeter pointers. 


(2) Connect ғ;, r, and ту in series and complete the circuit соп” 
nections as shown in Fig. 12.19. 


(3) Insert the plug key К and adjust the rheostat for a small 
current as read in the ammeter Am. Note the ammeter and voltmeter 
readings. и f 

(4) Increase the current by adjusting the position of slider o 
the rheostat and record the corresponding readings of ammeter and 
voltmeter. Thus take four sets of observations and determine the 
mean value of the resistance of the series combination. 


-—— H —. == 
+= Am TR А 
Fig. 12.19. Circuit to determine the resistance of the series combination, 


(©) Next connect т, т, and rz, in parallel and complete the 
dircuit connections as shown in Fig. 12.20. Repeat steps (3) and (4) 
and take four sets of observations to get the mean value ofthe 
resultant resistance in parallel. 


Fig. 12.20. Circuit to determine the resistance of parallel co nbination, 
(6) Record the observations as detailed belaw : 


[Observations : 


‘Zero reading of voltmeter 
Zero reading of ammeter 

Least count of the voltmetar- 
Least count of the ammeter = 
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Voltineter Reading Ammeter Reading 
(V) a) 


Observed |Corrected | Observed Corrected 
( volt) (volt) (Amp) | (Amp.) 


Resistance 
(ohm) 


Obs. No. 


2. 
(гу and ra | 3. 
4 


. (r, and r, | 2. 
in parallel) 


Calculations and Verification 
(a) Equivalent resistance of the resistors in Series 


(i) by experiment Xi. ohm. 
(ii) by calculation Ri=n tr 
E dd ohm. 


(b) Equivalent resistance of the resistors in Parallei 


(i) by expcriment Xe ohm. 
(ii) by calculation _ V/R,— Vr + Vra 


TR ; Ry=...ohm. 
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Result. Within the limits of experimental error, the experi- 
mental values (X) are equal to the calculated values (R) of the 
resistance combinations, hence the laws of.resistamces in series and 
garalleljare verified. 


> “Precautions. (i) The lengths of the end portions of the resis- 
tors used for the terminal connections should be same in all the cases 
„And hence suitable marks should be made with ink etc. 


(ii) Rest of the precautions are the same as on page 125. 
$12.09. Pupil's Experiment No. 7 (b). 


: Aim. То study the grouping of cells in serics and parallel in 
order to have the maximum current. 


Apparatus. Three cells of the same kind, (say lead accumula- 
tors or Leclanche cells or dry cells) а rheostat (say 20 ohms), one 
voltmeter and one ammeter of suitable ranges and connecting wires. 


' Theory. The emf. or current Supplied by a cell may be 
insufficient for many purposes. The required ¢.m.f. and the current 
may be achieved by combining many cells. The two usual type of 
combinations are as under, 


КЕЕ 
| n — d li 


ЕТ, 


N Cells, 


(a) Combination of cells in series, (Б) Combination of cells in parallel, 
Fig. 1221. 


AE Gri 2а series with the 
fai tance | in Fig. 12. 2. Thus the total resis- 
Oba? ee ШО, із (nr-- E). The current / in the circuit is given by 
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Rig: 2:22. 


mB 
I= uFi 1) 


ТЕ the internal resistance nr is negligible (nr&.?) in comparison to 


the external resistance Jt, then 


J=n. s .«(2) 


Thus the current I duc to the series combination is п times the 
BIR). due to a single cell (since current due to a single cells is 


However, if the internal resistance is large in comparison to the 

external resistance R, there may be gain in тее... (2.0. nE) but the - 

current sent through № may not increase. Thus such a series соте 
ination may not be helpful. ~ 


п. Paralel Combination of Cells. In this type of 
Brouping of cells the positive terminals of all the cells are 
Connected at one point (say 4) and their negative terminals 
Fue, Connected at another common point (say B) as shown in 
ig. 12.91 (b). Let there be ^ identical cells, each of emf. E 


EU Of the individual cell). The parallel combination of the inte 
tances cts in series with R. The equivalent resistance of the, 
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n 
wer 


"а= 5. n0) 


The current 7 through the resistance R is given by Ohm's 
Law [See Fig. 12.23 (5)] as below :— 
E 
aS A (2) 
discuss equation (2) under two Special conditions. 


Let us 
(i) When r/n is much smaller than R i.e. r[n&R, we get from equa- 
tion (2) 


E 
gr 


$.e. the current J is equal to the current. due to a single cell. Thus 


there is no use of the parallel combination if TSR. 
(it) When 1/n>R, we get from equation (2), 
i= В БА 
rin r 
Fe. the resultant current Tis n times the cu 


Conclusion., Fro 
. We соте to the conclüsi 


rrent due to a single cell. 


m tnese two kinds ‘of thé. grouping of cells 
On. as under, 
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(a) When the internal resistance of cells is negligible in com- 
parison to the external resistance of a circuit, then maximum current 
in the circuit is obtained by connecting the cells in Series. 

(b) When the internal resistance of the cells is large in compari- 
son to the external "resistance, then maximum current through the 
"external resistance is obtained by connecting the cells in Parallel. 


Procedure. (i) Measure the c.m.f. of the individual cells, with 
a voltmeter, which are in good working condition. Select the cells 
of same type and of equal e.m.f. ў 

(ii) Маке the circuit connections as shown in Fig. 122'- 

(iii) Close the key K and with the help of the Resistance box 
ntroduce the resistance R to get a current of about 02 amp. or less. 
Note this current I, and voltage V, from a single cell. Repeat the 
above experiment for three more values of R. 

(iv) Connect all the threc cells in series as shown in Fig. 


12.22 (a). 


Fig. 12.24. 


(v) Note the voltage V and the current I for the same four 
values of R as taken in step (i53). 

(vi) Now connect all the сез in parallel as shown in Fig. 
12.23 (a). Note the readings of voltmeter and ammeter for the same 
four values of R as taken earlier. 

(vii) Record the observations as below. 


Observations 
Zero error in the voltmeter = ‚Уой. 
Zero error in the ammeter = ...amp. 
Least count of the voltmeter = volt. 
Least count of the ammeter = ... Amp, 


EMF, of cach cell as measured 
by the voltmeter Volts, 
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Povential difference 
and current due to 
a si ce 


Potential difference and current due the 
grouping of cells in - 


` ngle cell 

3 [Resistance j 

= Sd ese eee SERIES PARALLEL 
S | GnQ) | P. Dif. | Current 

з |. (Qu . wu) 

E (in volt) | (in amp.) | p. Dit. Current | P. Diff. сштеп 
o (in volt) | (in amp.) (in volt) | (in amp.) 
1, 

2. 

Ss 

4. 


Result. Itis clear from eack observation that for the 
(а) Series combination J: 2:31, and V=3Y,, 
(b) Parallel combinatiori 1®41, and Ve Va: 


„Precautions. (1) The cells chosen should be in good working 
condition i.e, their internal resistance mustbe small. The e.m.f. of 
each cell should be the same, | ў 


(2) Short Circuiting of the cells must be avoided. 
(3) The resistance R s 
internal resistance of the cells, 
cell, R should not be less tha: 


hould be large in ci 
- Fora lead-accu 
n 8 or 10 ohms, 


omparison to the 
mulator or a leclanche 


4. ELECTROLYSIS ` 
$12.10, Points to Remember 


Be € plates or rods where the curren 
s c electrolyte are called electrodes. The vesse 
containing the electrolyte and the electrodes is called Voltameter, 

The process of 


dec iti i f 
electric current through hem sealla 97 за solutions BT pasane 


1 7 f 
the decomposition are called УЕ “амес The Haee 
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(2) The mass of ions liberated at either electrode is directly 
proportional to the current ©” and the time ‘t’ for which the current 
is passed. 

'Thus m `œ it 

or m=Z tt 
where Z is a constant, called electro-chemical equivalent (E.C.E.) of 
electrolyte and depends upon its nature. 


(3) The mass of an ion liberated by a given quantity of electri- 
city (i.t.) is directly proportional to the chemical equivalent of the ion. 


$12.11. Demonstration Expt. No. 4. 


Aim. To domenstrate the “electrolysis effect” with the help 
of “Copper Sulphate Solution”. 


Apparatus. A glass vessel, a copper plate, a brass plate (each 
with one small hole), copper sulphate crystals, a battery of about 
volts, another glass vessel to prepare solution, connecting wire and a 
rheostat. 


Procedure. (i) Assemble the apparatus on the table. Clean 
the brass and the copper plates with fine emery or sand paper. Wash 
the plates after rubbing and H 
finally dry them. Weigh the H 
cleaned and dried plates with the : 
help of a physical balar.ce. 


(ii) Prepare а saturated 
solution of copper sulphate 
зон in water to which few 

rops of sulphurc acid is ne 
added, “Take. this solution in а ME 
glass container. Чел. 

(iii) Now dip the two 
plates in the solution and com- 
plete the circuit connection as 


shown in Fig. 12.25. A battery is 
connected to complete the circuit Sat. Sol. of Cu S04 
in such a way that its negative Fig. 12.21. Deposition of copper 


terminal is connected to the on brass plate. 
brass plate. 


(iv) Let the current pass for about 10 minutes. nt 
(v) Now break the battery connections and take out the plates 
apg wath hen geniy їп running water. Dry them with filter paper 


and weigh them accurately again. 

Observations : 
Мазв-оғ the brass plate in the beginning=m =» 8M. 
Mass of the copper plate in the beginning = ъ=... 


138 A NEW APPROACH TO PRACTICAL PHYSICS 


Mass of the brass plate after deposition —m,'—...gm. 

Mass of the copper plate after electrolysis =m, =...gm. 
2. Increase in the mass of the brass plate. —m,'—m;--...gm. 
and Decrease in the mass of the copper plate—m;—m; —...gm- 
Thus (m,'—m) —(m,—m ). 


Conclusion. Copper is deposited on the cathode plate in the 
- process of electrolysis and there is a corresponding dissolution of 
copper from the anode in the electrolyte. 


5. MICROPHONE AND HEADPHONE 


8 12.12. Points to Remember 


(1) The electrical resistance of a lump of carbon granules 
decreases with increasing pressure on them. ; 


(2) Microphone. It is а device to convert sound energy into 
electrical energy. Microphone is also called mouth piece or trans- 
р mitter when uscd in а 
| telephone circuit. The 
| popular type of modern 

microphone is a carbon 
granule microphone. This 
microphone consists of a 
large number of carbon 
granules (C) packed bet- 
M : ween carbon plates (M) 
as shown in Fig. 12.26. A 
thin and light metal 
diaphragm D is clamped to 
the plate (M). Two metal 
terminals (L) are attached 
to the two plates (M) for 
Fig. 12.26, Microphone. outer connections. 


[4 


When a battery is connec 


à ted across the termi 
flows in the closed circuit c а аш 


onsisting of the battery and the carbon 
кшз, VAS шоу speaks near the microphone, sound waves 
according to ТЕ ы. » The pressure on the diaphragm varices 
а а ор in the sound intensity. As a consequence 
them When the undergo corresponding variation of pressure on 
granules decreases, ma аге compressed the resistance of the 
pressure, the Door Por when they become loose dus to decrease in 
Thus дело АСРЫ between them increases the resistance: 
is a fluctyating current in е resistance of the carbon granules, there 


the circuit. T ions i rrent 
are at the frequency of the sound Me fluctuations in.the ca 
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(3) A magnetic thin disc kept near an electromagnet vibrates 


according to the variations or fluctuations of current in the electro- 
magnet. 


(4) Headphone, This instrument is also called an ear piece 
ora receiver. The funotivm of а headphone is to convert electric energy 
into sound energy. Thus the ра 
_Ainction of a headphone 
ig reverse to that of a 
microphone. A modern 
type of headphone is 
shown in Fig. 12.27. 


A headphone or an 
earpiece óf a telephone 
consists of a: permanent 
magnet M. Two coils P 
and Q are wound over 
round soft iron pieces (Т) 
as shown in Fig.12.27. The 
soft iron pieces are fixed at 
the opposite ends of the 
magnet M. The two coils Fig. 12.27. Headphone. 

P and Q are connected in үү А 

series so as to have currents in opposite directions. The two ends of 
the coil combination is connected to leads (L) for outer connections. 
There is a thin magnetic disc D, called the diaphragm, near the free 
faces of (D When а person talks into а microphone at the other 
end of the telephone line, а fluctuating current flows in the coils P 
and Q of the ear piece, which results into the vari 
of magnetic field. This causes the electromagnet (2, 
pull on the diaphragm D. The diaphragm D thus vibrates and repro- 
duces a copy of the original sound waves which entered the micro- 


phone at the other end. 


QA 


"612.13. Demonstration Experiment No. 7. 


Aim. To prepare à model of a “microphone” and a *thead- 
phone" and demonstrate them to the class. 


A thin metal (aluminium) 


A М For microphone. 
pparatus. (7) of waste dry cells or carbon 


plate, a metal dish, carbon, electrodes 


block, connecting wire, à sensitive galvano. 


(b) For Headphone. А U-shaped permancnt magnet, enamel- 


led thin copper wire, a diaphragm disc from some old headphone. 


or from the junk, connecting Wire and a small wooden box. 
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Procedure. Model making of microphone : 3 
(1) Prepare carbon granules (C) by 
hammering the carbon rods of waste dry 
cells and place it in the aluminium dish 
~ (M) as shown in Fig. 12.28. 
G 


(2) Make connections as shown. 


(3) The small current in the circuit 
Fig. 1228. Modelofa as shown by the galvanometer G is in- 
headphone. creased by pressing the disc D. 


(4) Now if you blow air with mouth on the disc: D, again 
there is an increase in the current as indicated by the galvanometer. 


Conclusion. The fluctuating pressure due to sound waves or 
some other source, produces a fluctuating current in the circuit. This 
essentially, is the principle of a “‘microphone’’. 


Model Making of a Headphone 


(i) Wind a large number of turns of the enamelled copper wire 
on the horse-shoe magnet NS as shown in Fig. 12.29 (b). Arrange the 
coiled magnet and the diaphragm D as shown in the Fig. 12.29 (b) in 


gabe wooden box having a few holes in one of its faces ncar D as 
shown. 


. (ii) Connect the microphone [Fig. 12.29 (a)] to this headphone 
[Fig. 12.29 (5)] as shown in the diagram. In actual demonstration, the 


=исторподе set апа the headphone set should be kept at a large dis- 
псе, 


(a) (b) Head 
; Phone. 
T Fig. 12.22. Model of a headphone. 
(iii) If you press intermittently and frequently the disc D of thé 


microphone with a finger or blow ai eer eis 
; А air on it wit listen 
а sound due to vibrations of th h mouth, you will 


Miss tior e diaphragm D of the headphone. 
ies the principle of a headphone ad inim 


а n et QUESTIONS 
+ Complete the followi, ; n m 

those given within b. тарс ments by selecting one alternative fro 
(а) A Leclanche cell gives a......... current, — (constant, intermittent) 


(constant, intermittent) 
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(c) A storage cell stores.........energy. (clectric, chemical) 
(d). cell is used for electric bells. (Daniel, Leclanche) 
(e) The current used for electrolysis 1: (A.C., D.C.) 
( £— Dry cell is a modified form of.........cell. (Daniel, Leclanche). 


Answer the following questions : 

(a) When do we connect cells in parallel and when do we connect 
them in series ? 

(b) During electrolysis, to which electrode do the metals go ? 

Complete the following statements by selecting correct alternative 

from those given in brackets : д 


(a) An ammeter is connected in......with the rest of the circuit. 
(parallel, series), 


with the rest of the circuit. 
(parallel, series) 

(c) An ammeter has......resistance. (high, low) 

(d) A voltmeter has......resistance. (high, low) 


(е) When the temperature of a conductor increases, its resistance... 
(decreases, increases) 


(f) The resistance of a perfect insulater is (zero, infinite), 
(g) The resistance of a perfect conductor is...... (zero, infinite) 
(h) A thin wire will introduce a......resistance than a thick wire of the 
same length and same material. (smaller, larger) 
(i) If you want to decrease the resistance then you will connect the 
wires in...... (series, parallel) 


Lamps used for street lighting are connected in...... 
o d : В (series, parallel). 


К) Lamps used for household lighting are connected in...... 
(p (series, parallel) 


(Б) A voltmeter is connected іп. 
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MAGNETISM 


8.1214. Points to Remember 


For the definition of North and South Poles, magnetic axis, 
magnetic meridian, pole strength magnetic moment etc. read агас 
16.8, 9, 10, of the reference given in the footnote. Also read article 
16.11 of the same reference, regarding the mapping of the magnetic 
lines of force. 


§ 12.15. Locating the Poles and Magnetic Length 


Take a bar magnet and place it on a paper fixed on a drawing 
board such that its axis is along the magnetic meridian as shown. E 
Fig. 12.30 (b). Make the boundary of the magnet on the paper wie 
‘a sharp pencil. C \oose a point A near the corner of north pole of t! не 
magnet and place a compass needle with its one end coinciding bi. 
A and mark the point B corresponding to its other end. 'To mar 
the point В accurately, the help of a thread stretched between tw? 
pins may be taken «s shown in Fig. 12.30 (а). Move the compass 

- needle to the position 2 and bring its first end towards B and then 
mark the position C of its other end. Similarly make the point D and 
finally join ABCD to make a straight line. In the same manner mark | 
the other two lines A'B'C'D' and A"B'C"D' also. These lines meet 
atthe point №. This point N is the position of North Pole О 
the magnet. 


Similarly locate the position of the South Pole S. The distance 
‘between N and 3 is called the magnetic length. The magnetic 
length of a bar magnet is nearby 7/8th of its Geometrical Leagt}: 


$ 12.16. Pupil's Experiment No. 6 (а). 


Aim. (i) To map the magnetic lines of force due to a bay 
magnet with its north pole pointing towards the magnetic north an 
to locate the positions of the neutral points. 


(ii) To calculate the magnetic moment. and the pole-strengt® 
of a magnet (H—0:32. oersted at Delhi is given). 


Apparatus. Drawing board, a. plane sheet of paper; ? 
compass needle, a bar magnet, drawing board: pins, a half me 
scale, a piece of chalk and a sharp pencil. 


Theory. The intensity of the field at any point in the gh 
of a bar magnet is due to the combined effect of the magnet and. int! 
earth's ‘magnetic field. When the north pole ofa bar magnet P? 


Note, Physics (Class 1X-X) NCERT, 1975, pp. 120-22. 
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Fig. 12.30. Locating the poles of a magnet. 


towards the géographical north then at the points №, and №, (which 
ure on the broad side on position), the intensities of the magnetic 
ficlds @ and Н are equal and opposite, F and Н being the intensities 
of the inignetic fields due to the magnet and the earth respectively, 
But, with reference to Fig. 12.31, F is given by the following equa- 
пеп : * 


M 
CT _ 29 


where M is the magnetic moment of the magnet. Also, for the 
points N, and №, 


F-H (2) 

Thus from equations (1) and (2), we get 
A M=H (а +12)? 12 (3) 
Also M=2ml EO) 


Where m is the pole-sire: gth of the magnet. 
From equations (3) and (4), we get 
наз) Я 
zi see (9) 
Thus by measuring d. and l, we can calculate M and m from cquaticns 
(3) and (5) respectively. The value of H depends upon the place 
and it may be taken аз 0,31 oersted for Delhi. 


m= 
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These points V, and N, where the earth's magnetic field is 


neutralized by the magnets are called Null Points or Neutral. 
Points. 


Fig. 12.31. 


Procedure. (i) Fix a sheet of plane or drawing paper on a 
drawing board with brass pins or quickfix. Place a compass needle 


N 


\ 


Fig. 12.32. Magnetic lines of force with N- 
the north. 


Ma 


pole pointing towards. 
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in the centre of the paper sheet and rotate the board till the length 
of the needle is parallel to the edge of the paper. Tap the paper 
gently and then mark points against the ends of the needle. The line 
NS joining these points will be along ће magnetic meridian. Mark 
this position of the board by drawing its boundary with a piece of 
chalk. $ 

Place the magnet on the line NS symmetrically in such a way 
that its north pole points towards the geographical north and draw 
the boundary of the magnet with a sharp pencil. 1 

(3) Place a compass needle near the north pole of the magnet 
and tap it gently. Make the points on the paper against the ends 


of the needle. Move the needle forward till its south pole coincides 


with the second point marked earlier and mark the third point against 


its north pole and so on. In this way mark 
positions Pe the north pole of the compass NF 
needle step by step till the south pole of the mag- ` 
net is reached. Join all the points marked by 
a free hand drawing and thus a magnetic line of 
force is mapped. . 
(4) Plot the lines of force on both the sides of «m 

the magnet, indicating the direction by arrow- Fig. 12.33. 
heads pointing from north pole towards the south pole. More lines 
should be drawn near the Neutral Point region. Around the neutral 
point region, the lines of force should form a curvilinear quadrilateral 
as shown іп Fig. 12.33. Mark the boundary of the compass needle 
within this region. The Centre ofthe circular boundary gives the 
Neutral or Null Point. / 

- То locate neutral points accurately. Since the resultant magnetic 
field at the neutral point is zero, the needle may point in any 
direction. То, test whether the needle is in this position or not, an 


attracted by it. Now remove the nailor the pin away slowly from 
the ncedle without disturbing it. There should be no change -in the 
direction of the needle. " Р 
(5) Determine the position of the poles as discussed in § 12.15 

and determine the magnetic length 24. 

. (6) To determine, М and m, determine also the perpendicular 
distance ‘d’ from the neutral points N, and N, to the magnetic axis 
as shown in Fig. 12.31. 


Observations 
Magnetic length of the magnet 21=....-.cm. 
а, y 
d; 
„ааз 
25d 2 
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Calculations and Result 
(5) Magnetic Moment M=H (d?+12)3/2 
=..... C G.S. Units, 


(ii) Pole strength m= x (d*-- 12) 2 


=н... C.G.S. Units. 
Precautions 


(1) The boundaries of the drawing 


board and the magnet should 
be drawn with a Piece of chalk and a sh 


arp pencil respectively. 


(2) From the beginning of the experiment till the end, there 
should be no Magnetic material in the vicinity of the magnet. The 
drawing pins, for this reason, should be of brass. 


(3) Many lines should be drawrt пе, 


(4) Position of the neutral point s 
help of a iron nail accurately, 


ar the Neutral Point. 


hould be traced with the 


(5) The position of the drawing board and the magnet should 
not be disturbed durin 


g the course of the experiment. 
(6) The direction of the Jines of force should be indicated by 
arrow heads, 


$12.17. Pupil's Experiment No. 6 (b). 
Aim. (i) To map the magnetic lines 
magnet with its North pol 


of force due to a bar 
to locate the Positions of 


€ pointing towards the magnetic south and 
the neutral Points. 


(5) To calculate the magnetic moment and the Pole:strength of 
the magnet. 


Apparatus, Same as in the previous 


Theory. Whena bar mag 
the north south direction such th 
thén the Neutra] Points N, xis of the magnet on 
Из either side as showa in Fig. 12.31.. The 


1 and М, are in the End оп Position with r 
and hence. the intensity of the Magnetic field 
at these points is БЇ en by the equation - 


2Md 

resin cit MNA . (i 
(d?- Ey h, ( ) 
in which М and / are the Magnetic moment ап 
h of the magnet respectively, d is the dist 


IN and N, m the centre Q of the magnst. 


d half the magnetic 
ance of either point— 
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Fig. 12.34. Locating the lines of force when the 


North-pole points toward the south. 


T At the neutral points F—H where His the horizontal compo- 
ment of earth's magnetic field. Thus from equation (1) we get 


2Md 
НЕ @ ID 
‘or t M= BLUE ...(2) 


ое M=2ml where т is the pole strength of the magnet, we get 
rom equation (2); 
г H(i 
ae EH Ss (3) 
By measuri H 
ing d and l, the magnetic moment М and the pole-strength 
m of the magnet can be calculated with the help of equations (2), 


and (3) respectively. 
25 
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Procedure. (i) The magnet should be placed on a drawing 
- board as explained in the procedure of the expriment No. 6 (a). How- 

ever, in this case the north pole N of the magnet should face the 
geographica! south pole. 


(ii) The magnetic line of force sho 


uld be mapped as in the 
experiment No. 6 (a). : 


(iii) The location of the neutral points should be 


judged accura- 
tely as explained in the experiment 6 (a). 


(ir) Measure the quantities d and 1. 
Observations :— 


Magnetic length of the magnet 2] — 


Nc cm, 
(at Delhi) H= 0:32 oersted, 
Distance of the point N, from 
the mid- point O of the magnet, d, —......cm. 
Distance of the point N, from 
the mid-point O of the magnet, d, —...... cm. 
. *. The mean distance qn 
Calculations and Result 
(7) Magnetic moment of the magnet M - Gy 
[== Gl Сз н 
(ii) Pole-strength of the magnet mai Gr 


=. C.G.S. units. 


Precautions. Same as in experiment No. 6 (a). 


MAGNETIC EFFECTS OF CURRENT 


$12.18. Points to Remember, ` 
fedi (i) An electric current is always accompanied by a magnetic 


боо The magnetic lines of force due to 


е а current passin 
h а straight conductor are cir pee 


cular around the conductor. 
hi t . 
: o (е magnetic lines of force due to a current passing 
throug! " аге perpendicular to the plane of coil at the centre. 
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. . (iv) The direction of the magnetic field produced by the current 
is given by the rules discussed in $12.02. z 

(v) The magnitude of the magnetic field depends upon (a) the 


Strength of the current, (b) the number of turns of the wire, (c) the 


distance of the point from the wire and (d) the medium between the 


point and the wire. 


(vi) Electromagnet. 
соге with the help of insulated copper wire, 


` When a coil, wound over а soft iron 
contains a current then 


E AR 
NA 


Straight Elect romagnet 
(a) 
Fig. 12.35. ` 


it behaves like a magnet. Such an arrangement is called an 
magnet. Such an arrangement is shown in Fig. 12.35. 


$12.19. Suggested Pupil'slActivity No. 2; 


Electro- 


n electromagnet. 


Apparatus. Nearly 2 metres of insulated copper wire of 
two or three cells, a key, connecting 


about 24 S.W.G.,* small nails, ‹ 
wire, а compass needle and an iron bolt about 5 cm. long with a 
nut and two washers. 
Procedure. (i) Place a washer at each end and screw the 
nut so that it is away from the screw- 
s (ii) Wind layers of insulated copper 
wire on the bolt betwcen the two washers as 
shown in Fig. 12.36. 
z (ii) Apply adhesive tape on the wind- 
ings near the two washers to avoid unwinding. 


Ra (iv) Connect two cells in series and join 
€ electromagnet as shown in Fig. 12.37. 


Aim. To design and study а! 


head. 


to energise the 
end near a 
tracted by the 
the nails 


(v) Plug i А 

^ g in the key 

Foc romagnet and bring its one 

ко; mail Some nails are at 5 
раа" aber o 

attracted, nt the nux:be 


* Standard Wire Gauge. 
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(vt) Now disconnect the circuit and you will observe that 
the nails are dropped in the tray. 
What happened to the magnetic 
property of the coil ? 


(vii) Increase the current 
and repeat step (v). You will 
observe that the number of the 
nails attracted is increased. 


` (viii) Reduce the number of 

"turns of the electromagnet wind- 

ing and then repeat step (v). You 

` will observe that the ‘magnetic 
effect is reduced. Ms 

(iz) Repeat all; the above 

steps by taking а nut and bolt 

of brass. You will observe that 

the magnetic strength .of the 

electromagnet is considerably re- 

Fig. 12.37 duced. 


Observations : 


Number of nails picked up for the current of 


No. of turns of 
Electromagnet 
winding 


У 1,=...атр. 1,=...amp. 


Iron Bolt | BrassBoit | tron Bolt | Brass Bolt 


20 turns 


40 turns 


netic. property exists so long as the 


Conclusions. (i) The mag 
current is there in the coil. 


(ii) Intensit 


y of the magnetic field is increased by increasing 
the current. 


(iii) Intensity of the magnetic field is increased by increasing 
the number of turns of the electromagnet coil. - 


2 (iv) Intensity of the magnetic field is increased by inserting the 
iron block in the electromagnet coil. 
Precautions. 


С i indi ould 
Бы (i) Copper wire used for the winding sh 
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(si) Iron nails used should be small in size and large in 
number. - 

(її) A plug key shou! 
a time not more than the time ge: 


14 be used to complete the circuit for 
nuinely required: Ў 


s Activity No. 3 (a). 


812.20. Suggested Pupil 
gnetic field due to a straight conductor 


Aim. To study the ma 
carrying. current. 

Apparatus: Insulated copper of (24 or 28 SWG) about 
20 metres in length, a cardboard, white paper, iron filings, a 
compass needle, a rheostat, an ammeter, and three cells. 

Procedure. (i) Fix a white paper sheet on a cardboard and 


then make a hole of suitable size in the centre of the board. 
wire such that its 


(ii) Make a coil of long insulated copper і 
tically through the hole in the cardboard which 


one side passes ver 
is held horizontally. 


D 


in (iii) Arrange the circuit conne 
RIS with a plug key, а rheostat a 
з of the coil as shown in Fig. 12.38. . 
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(iv) Sprinkle a thin and uniform layer of iron filings on the 
cardboard and then switch on the current by closing the plug key. 
Adjust the current to about 3 amps. Now tap the cardboard gently. 
You will observe that the filings are set in a series of concentric circles 
about the wire as centre as shown in Fig. 12.38. 


(v) Now blow off the iron filings. Plot the circular magnetic 
lines of force with, the help of a compass needle as shown in 


Fig. 12.39. The north pole n of the plotting compass point in the 
direction of the magnetic field. 


Fig.12.39. Plotting the magnetic lines due to.a Straight current, 


(vi) Now reverse the direction 
again plot the magnetic lines of force. 
reversing the- direction of current the direction of the magnetic lines 
of force is also reversed. Also analyse ‘that the direction of the 


magnetic field is in accordance with the right hand thumb rule as 
discussed in §10°02. ч 


$1221. 


of the current in the coil and 
You will observe that by 


Suggested Pupil's Activity No. 3 (b). 


Aim. To study the magnetic field due to a circular coil carrying 
current. - 


р Apparatus. А circular coi] con 
insulated copper wire fi 
cells, a rheostat, an am. 


taining about 20 turns of 
tted on a wooden frame, iron filings, three 
meter, a plug key and a white paper, 
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Procedure. (i) Fi i 
i 1 5 ixa white paper sheet ' 
ept horizontally on which the Du is fixed. pes cati urs 


Fig. 12.40. 


vertical as shown in Fig. 12.40. 
(ii) Connect threé cells, a rheostat, an amm 
and the coil, all in series as shown in Fig. 12.40. icc pias 
(ii) Sprinkle а’ thin. and uniform layer of iron fili 
cardboard-and then pass the current in the coil by Cloning [t3 ЕЎ 


key. Adjust the current to about 3 amps. Tap the cardbo: 


gently; Observe the pattern into which the iron filings are arranged. 


(iv) Now blow off the iron filings and trace the path of 

magnetic lines of force with a plotting compass. 

(v) Reverse the direction of the current in the coil and again 

trace the lines of force, You will fnd that the direction of the 

magnetic field produced is now reversed. ў 
QUESTIONS 


т alternative from those give! 
ing statements : 


1, Select the prope: n within brackets and 
- complete the follow: 

(a) Permanent magnets are made of......(soft iron, steel). 
-magnets are made of..-...(soft iron, steel). 
unlike pol es.- cach other. (attract, repel) 
(attraction, repulsion) 
(centre, ends) 


*(b) Electro 


(c) Like poles... while 
(d) -..is the sure test of magnet ism. 
(е) Iron filings St ick mere at tke...of a bar magnet. 
(f) Lines of force.. Icngitudinally and...laterally. Į (expand, contract) , 


(2) Electromagnet is...magnet. (perma nent, temporary) 
inductíon.. Fole js induced on the nearest end. 
(h) In induct n..F (like, К; 


2. Complete the following statements : 
ty at a point is 


(а) Magnetic jntensi the force experienced by... 


154 A NEW APPROACH TO-PRACTICAL PHYSICS 


(b) А magnetic pole--has a unit strength which when placed in.. 
ata distance of...from...pole repels it with a force of... 


(c) The force between- two poles _is.:.proportional to the...but.. 
Proportional to...the distance between them. p 


3. . The strength of an electromagnet depends upon the followings H 
(a) Strength of the... 
(b) Number of... .- 
(c) Area of... 
(d) Medium of the plane of... 


13 
Emission of Electrons. 


1. PHOTO ELECTRIC EFFECT 


§13.01. Points to Remember. 

(1 Photoelectric effect. Itisthe phenomenon of emission 
of electrons from the surface of a metal when light falls upon it. 
The electrons so ejected are called “Photo 
electrons". 


4 (= Photoelectric Cell. It is an 
evacuatea glass tube containing inside it 
a metal anode <A’ and a cathode С as shown 
in Fig. 13.1. The anode and cathode are 
connected to two base pins through the base 


rubidium. The whole glass tube is blackened 
except for a small portion in front of the 
cathode. А 


513.02. Demonstration Experiment No. 8. 


Aim. To demonstrate the  photo- 
electric effect. 

Apparatus. "А photoelectric cell, say 
tube No, 884, a cell, a sensitive galvanometer: pig. 13.1. Photo cell (if, 
connecting wire and a torch or candle and a circuit). 
match box. р 

Procedure. (1) Make circuit connections as shown in 
Fig. 13.1. 

(2) Allow the light to fall on the ««photo-sensitive"" surface of 
thecathode. Observe à de- R 
flection in the galvanometer. 
This deflection is due to 
electric current constituted 
-by the ‘photo electrons’ emit- 
ted from the cathode surface. 

Conclusion. In photo- 
electric effect, the light 
energy is converted into elec- 
trical energy. 

Note. In case а photo 
electric cell is not available 
then a photo-voltaic cell as Fig. 

155 


132. Photo-voltaic cell. 
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shown in Fig. 13.2 (for which no external source of e.m.f. is required) 
may be used for demonstration purposes. 


2. ELECTRONICS 
DIODE AND TRIODE 
513.03. Points to Remember. 


(1) Thermionic Emission. The process 
electrons from the surface of a m 
thermionic ^ emission. 
The number of elec- 
trons emitted from a 
metal surface depends 
upon (a) the tempe- 
rature of the metal 
surface and (6) nature 
of the metal and (c) 
nature of the metal 
Surface viz. whether 
the surface is clean or 
contaminated with im- 
purities, 


(2) Vaccum Tubes. 
hese are usually glass — pie 13,3, (a) Directly heated cathode.. 
tubes €vacuated to (6) Representation of directly heated 
very low pressure and AR cathode in a vacuum tube, 
contain a metal wire [F in Fig. 13.3 (a)] or 


metallic hollow cylinder 
[C in Fig. 13.4 (2)] which after getting heated, gives out electróns. 


ese emitters of electrons are called Cathode. The usual matérials 
for cathode are tungsten, thoriated tungsten (tungsten surface 
Coated with thorium and carbon) 


or oxide cathodes (barium- 
Strontium) oxide). -The vacuum tubes 


contain other electrodes also. 
(3) Cathode: Depending upon the manner in which a cathode 
is heated, it may be either of the two 


i categories as under : 

(a) Directly heated cathode. In this type of cathode, a ‘wire 
filament of tungsten is heated directly by Passing a current in it 
id help of a battery of about 6 volts as shown in Fig. 13.3 (a) 
an 5 - 


of emission of 
etal heated suitably, is called 


(b) Indire 
a nickel hollow cylinde: 
able oxide. Inside the cylinder, 
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(а) 


Fig. 13.4. (а) Indirectly heated (b) Representation of indirectly 
cathode. heated cathode. 
$13.04. Demonstration Experiment No. 6. 
Aim. To demonstrate diode and triode valves in the class and 
to explain their construction. 
. Apparatus. A diode valve of glass tube e.g. 6H6 or 5Y3GT 
_ а triode valve of glass tube e.g. 6J5. 3 
Procedure. (i) Diode and triode tubes may be shown to the 
students by circulation amongst them. 
(ii) The diagrams of diode and triode valves may be drawn on 
the blackboard. à 
(iii) The constructions may be explained as below. 


Diode Valve. The diode is the simplest type of vaccum 
tube. It consists of a cathode P which serves as electron emitter. 
and an anode P which acts 
as electron collector and 
surrounds the cathode as 
shown in Fig. 13.5. Both 
these elements are enclosed 
in an evacuated glass 
ог metal tube. The 
anode is generally а metallic 
plate like nickel, a molybde- 
num plate. The construction 
ofthe cathode we have al- 
ready discussed and, in this 
case, it may be either a di- 
rectly or indirectly heated 
cathode. The plate is connect- 
°Ч to the base pin P and the 
two ends of the filament are 
Connected to the base pins F 
and p through the bakelito 
base B of the tube. The 
Symbolic representation of a Fig. 13.5. А diode valve and its 
diode is shown in Fig. representation. 


13.5 (5). 
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Triode Value. А triode valve consists of an evacuated glass 
or metal tube, inside which there are three electrodes fixed. These 
arcthe cathode, the grid and 
the plate or the anode. 
Cathode is either directly or 
indirectly heated type of 
thoriated tungsten metal and · 
serves as an clectron emitter. 
The cathode is surrounded by 
the grid which is usually, 
a few turns, of metal wire in 
a helical form as shown in 
Fig. 13.5 (а). The grid is 
surrounded by a metal hollow 
cylindrical tube called the 
:anode or the plate P. The 
grid is nearer to the cathode 
than to the plate, The three 
electrodes inside the tube do 
not touch each other. The two f 
ends of the filament are con- Fig. 13.6. A triode valve and its 
nected to two base pins F and representation. 

F. The grid and plate are connected to base pins @ and P respec- 
tively. Tube base is made of bakelite. . 


3. RADIO RECEIVER 
'$13.05. Points to Remember. 


(1) Transmitter. The function of a radio-transmitter is to 
transmit the music or speech to a distant place. The sound waves 
ТОЁ music or speech are converted into electrical signals with the help 
of a microphone. This sigaal which is in the audio-frequency 
region (20 Hz to 20.KHz) is mixed with a high frequency (usually 
more than 500 KHz) wave called the carrier wave. Due to the 
mixing of the signal with the carrier wave, the mixed wave can 
travel through ‚а much longer distance, say many hundreds kilo- 
Was The mixed wave is usually called “Amplitude Modulated 


It is an electronic device to catch the Ampli 
i c plitude 
Modulated wave transmitted from radio station and then to select out 
g the carrier wave from. the mized wave. The 


receivers can be of two types (a) crystal receive: F 
rs and (b) vacuum 
tube receivers as discussed Жы, i dd 


‘$13.06. Group Activity-No. 4 (a). 


Aim. To design a crystal receiver. 
Apparatus. A crystal di d 
are са. ays al diode (IN 34), headphone, a condenser 


"condenser) of 0 to'300 p.f. “ city, broadens icon a ОП 


acity, broadcast ferriloop. antenna сой 
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which is commonly available from a radio-parts dealer, 10 metres 
of copper wire, insulating rings, two wooden or bamboo poles, 
‘connecting wires, а wooden board soldering wire and soldering 
‘material. й 


3 5 
F GOOD EARTHING (Metallic Mater pe) 


Fig. 13.7. 


L—--Ferriloop coil. 
C—~+Gang condenser of 300 pf. 


Procedure. (i) Draw the circuit diagram as shown in Fig. 
13.7 on a wooden board with the help of suitable paint. : 


(it) Drill suitable holes in the board “to fix the components. 
"The comnonents should be fixed in such a way that the length of the 


connecting wires is minimum. 
- (iii) Now solder the joints with the help of soldering iron. For 
the technique of soldering read chapter 15. 


(iv) Now raise the outdoor antenna of 10 metre wire AB with 
the help of the insulators and two bamboo poles. 


(v) Connect the headphone as shown, H, in the circuit dia- 
‘gram. Now tune the gang condenser until a station is heard. 


$13.07. Group Activity No. 4 (b). 


Aim. To design a vacuum tube (one valve) receiver. 


.. . Go to a radio-parts dealer with the circuit diagram of Fig. 13.8 
and buy the coraponents. Now assemble the receiver on a wooden 
board. In place of D С. source of 250 volts a power supply may be 
used. The heating current for the filament H, H may be from the 


6,3 volts output of the power supply. 
SUPP! 
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НВ 


250 Volts 
(2.с) 


Fig, 13.8. А simple опе valve radio-receiver; 


4. POWER SUPPLY OR RECTIFIER 
; §13.08. Points to Remember, 


| (i) Alternating Current (А.С.). Ап electrical current’ which 
changes in direction and magnitude with respect to time is’ called an 
alternating current, 


(ii) Direct Current (D:C.). 
in the same direction with a co 
called a direct current. . 


An electric current which flows 
nstant magnitude continuously . is 


(iii) Pulsating D.C. A curre 


nt which changes in magnitude 
ut does not change 
D.C. 


in direction is called a pulsating or fluctuating 


(iv) Power Supply or Rectifier. It is a device which converts 
A.C. into D С. A diode val 


ve or a crystal diode can do this job as 
Iscussed below, : 


$13.09. Group Activity No. 5, 
Aim. To design a diode rectifier. 


Apparatus. Diode valve (5Y3), a 
having the turn ratio of 1, an electrolytic condenser of 32 uf capacity 
and 450 volts (D.C.) as the working voltage, a 10 КО wire-wound 


resistance of 10 watts. A D.C. voltmeter (320 volts), connecting wire; 
‘soldering iron and other accessories for the fitting. 


Procedure, (i) Draw the circuit dia 
wooden board with a suitable paint, 


an octal socket, a transformer 


gram of Fig. 13.9 on a 


EMISSION OF ELECTRONS . К 161 


(ii) Make suitable holes on the board to fix the влиза * 
For fixing the diode valve an octal base should be fitted. 


Fig.13.9. A half wave rectifire. 
(iti) Solder the joints properly. 
(iv) Connect the two ends of a D.C. voltmeter (300 volts) 


across the A.C. mains points. You will observe no deflection of the 


pointer. 
v) Now connect the primary, PP, of the transformer to the 
220 volt A.C. mains and then switch it on. 

(vi) Connect the D.C. voltmeter across the resistance R such 
that the positive of the voltmeter is connected to the cathode point. , 
You will now notice a voltage recorded. by the voltmeter which indi- 
cates that the circuit assembled has converted the A.C. voltage into a 


direct voltage across R. 


14 


Meat and Energy 


INTERNAL COMBUSTION ENGINES 


514.01. Points to Remember. 


.G) 


Internal Combustion Engines. In these engines thc 


“energy is provided by burning the fuel inside the engine in contrast 


with the steam engines in, which the burning of thc fuel (water) 
takes place in a separate boiler. 


; х= Exhaust valve closed 


4. 
Gi) 
Of a petrol engine. The four csse 
tions of the engine are referred t 


fX———-. Spark plug 


Inlet valve open 

Petrol-air mixture 
Both valves closed 
Exhaust valve open 
Inlet valve closed 


E. 
СОС 


Fig. 14.1. The Petrol Engine 
Induction. Petrolair mixture е 


c nters tbe cylinder by atmospheric 
Pressure as piston descends, ERN Р 
Compression. Mixture is com ressed and ignites it just be 
ORE presse spark ignites it ju: fore 
Power. Mixture burns and expands, giving ene; ‘to sh tl ton 
downwards. P erin en PES ори the гово 
Exhaust. Burnt 


gases expelled out through exhaust port, ` 
Fig. 14.1 along with its captions illustrates the functioning 


ntial stages occurring in two revolu- 
o as the four strokes, 
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(iii) For the initial running of the engine a separate motor is 
required to start the Induction and the compression strokes. Once 
the engine is running, part of its rotational kinetic energy stored up 
in its heavy flvwheel provides the work required for the subsequent 
induction, compression and exhaust strokes. 


(iv) Read about the “diesel engine" which is another category 
of internal combustion engine from your theory text book. 


514.02. Group Activity No. 5. 


Aim. To design the model of a petrol engine which is an 
internal combustion engine. 

Apparatus. A wooden box, three toothed wheels such that 
the diameters of W, and W, are equal and that of IV, is half of the 
diameter of W;, a crank and shaft arrangement, S, a piston P fitted 
in a tube, a bulb of 6 volts, a battery of 6 volts and other acces- 
sories as indicated in the diagram of Fig. 14.2. 


Assembly. (1) Fix thc three toothed wheels (Wi, Из, and W;) 
such that their centres аге on the same line and their teeth are inter- 
locked properly as shown in Fig. 14.2. Join the crank and shaft 
arrangement (§) to the piston (P) with a metal rod (К). Attach two 
calm (С) to the wheels W, and з. 


Model of an Internal Combustion Engine. 


Fig. 14.2. 
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(2) A wooden cap is fitted on the upper end of the tube (7) 
containing the piston (P). This cap contains two valves (V4) and 
V4 and a bulb (В) whose electrical connections also are shown inFig. 
14.2. This bulb (B) represents the spark plug of a petrol engine. The 
two valves (V,) and (V,) are operated by the levers (Z,) and (La) 
which are controlled by rods- resting on the calm (C) and (C) with 
the help of springs (8,) апа (S,). 

(3) The stage shown in the diagram of Fig. 14.2 represents the 
power stroke i.e. when the bulb glows. The bulb glows only when 


the calm of the right hand wheel W, makes contact with the metal 
strip (M). 


(4) The diameters of the wheels W, and W, are equal and twice 
the diameter of the wheel W, so that W, and W, complete only one 
rotation while W, completes two rotations. The relative d rection in 

+ which the three whecls rotate is indicated by arrows. 


(5) The tubes Тү and Т» represent the carburettor and the 
exhaust respectively. 


Operation. Rotate the handle (H) attached to the wheel (Wi) 
and explain the (i) induction (ii) compression (iii) power and: 
(iv) exhaust strokes of the engine. All the four strokes are completed 


for two revolutions of the wheel W, containing the calm and hence- 
the diameters of W, and W, are in the ratio of PES 


2. ENERGY 
§14.03. Points to Rememeber. 
(1) Energy. Capacity of a body for doing work is called ita- 
Energy. Iti 


is measured by the amount of work that a body can do. 
(2) Forms of Energy. Energy in nature exists in various. 
forms such as mechanical, light, sound, electrical, chemical, magnetic 
and atomic energy. These different forms of energy are inter- 
convertible, During the course of inter-conversion of energies, a law 
which is always obeyed is thc Law of Conservation of Energy. 

(3) Mechanical energy. This type of energy may be in two 
forms : Kinetic and Potential. 

NEG) Kinetic Energy. The energy possessed by a body by virtue 
of Ив motion is called kinotic energy. If a body of mass ‘m’ is moving 
with a velocity ‘v’, then its kinetic energy is given by 4 mv?. 

Ж Qi) Potential Energy. The energy possessed by a body by 
а of its position or configuration is tailed Potential’ energy. A 
jody Occupying an elevated position possesses potential energy. 

Ifa helical Spring is compressed then it possesses potential 
enne to change in its configuration. The potential energy 
stored in a body of mass ‘m’ which is raised through a vertical height: 
1s of amount m.g.h. 
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Like other forms of energy, mechanical energy is also inter- 
‘convertible in its two forms. To demonstrate the interconversion 
of kinetic and potential energies, let us consider following experiment. 


§14.04. Demonstration Expt. No. 3. 
Aim. To demonstrate the change of kinetic energy into 
potential energy and vice versa. 

Apparatus. A pendulum bob or a stone piece, thread and 
a stand. 5 

Procedure. (i) Tie опе end of the thread (about one metre 
long) to the stone or the bob, the other end of the thread being fixed 
tightly to the stand kept ona table. This arrangement is now a 
“simple pendulum”, 

(ii) The “simple pendulum" rests in such a position that the 
thread is vertical as shown by the position A in Fig. 14.3. This 
position is called its mean position. The bob is now displaced from 
its mean position 4 to another position B and then it is released. 
Observe the to and fro motion of the bob about its mean position A. 


Fig. 14.3. An Oscillating Stone. 


is di he position B, 
Explanation. When the bob is displaced to me m Раа 


its potential energy increases by ап amount MEH. A ht. sed 
it has no kinetic energy because it is at rest. 


; ition A. 
from the position B, it starts moving towards Из iss with 
In doing so, it gains kinetic energy but Er in ¢he "potential 
respect to the position B is decreased. The die bob. When the 
energy appears in the form of kinetic energy of the 


а : is 
bob comes back to the mean position E Y раен position the 
minimum and kinetic energy is maximum because at ! 
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velocity of the bob is maximum. The potential energy m.g.h. of the 
bob at the position B has now осеп completely converted into 
kinetic energy at the position A. When the bob goes on the other 
side of the mean position i.e., towards C, the kinetic energy starts 
getting converted into potential energy. The kinetic energy is 
completely converted into potential energy. again at the other 
extreme position C. In this way for to and fro motion of the bob 


about its mean position, the interconversion of kinetic and potential 
energy takes place. 


QUESTIONS 
Coniplete the following sentences by picking suitable alternative from 
those within the brackets : à 
(a) Steam-engine is an 
(b) Petrol-engine is an. (internal, external) 
(c) Heat is......... (degree of hotness, a form of energy) 
(d) When we rub the 


r palms of our hands together briskly, then the, 
produced is due to the conversion of.. 


besos combustion engine. 


(internal, external) ~ 
Ipae p combustion engine. 


-energy into....... energy. 
(heat, mechanical) 
(e) The efficiency of a steam engine is.........than the efficiency of a petrol 
engine. (greater, smaller) 


Lad 
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Elementary Training in Soldering . 


$15.01. Points to Remember. 
(i) Soldering. It is the process used to join metallic surfaces, 


(ii) Soldering Iron. It is an electrical instrument used for 
joining two or more ends of metal wires with the help of solder and 
the fluz. The essential parts of a soldering iron are indicated in 
Fig. 15.1(а). The tip of the soldering iron which is made of copper 
is heated electrically. 


Р CA Wooden Handle 


Screw 2 
Healing Elementof the hon A „ы <i 
Nichrome strip in- p 

sulaled with mica 4 


Soldering 
Iron 


(b) 


Source a, 


Supply. 


D 


Е fa soldering iron. 
Fig. 15.1. e PA raO of the soldering process. 
7. 
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iii lder or Soldering Material. Most of the soft solders are 
ЕК а E lead. But for special joints of different metal wires 
suitable solders are used as indicated below :— 


Metal to be joined Solder used 
(i) Copper alloy of Tin and Lead 
(ii) Aluminium alloy of Tin and Cadmium or 


alloy of Tin and Zinc 


For an alloy of Tin and Lead, the suitable temperatures for 
soldering are above 165°C because at these temperatures the solder 
of copper, melts Properly. For electrical connections of copper wires, 


solder of 60/40 (Zn/Po) is suitable, but for robust fixing solder of 
40/00 is suitable. 


Fluz. Before the soldering the cleaning of the surfaces to be 
joined must be ensured. In order to clean the surfaces and to avoid 
the effect of oxidation Coating, cleaning materials called Flux are 


used. The flux depends upon the nature of the metal to be joined 
as detailed below : 


Metal to be joined Flux used 
(i) Brass, Copper, Tin Rosin 
(ii) Lead 


Tallow, Rosin 
Borax, Sal Ammonniac 
(iv) Galvanized Iron, Zinc Zinc Chloride 
(v) Aluminium 


(iii) Iron, Steel 


Stearine, special flux 
$ 15.02. Pupil's Activity No. 6. 


Aim. To solder a joint of two Copper wires or cables. 


Apparatus. Soldering Iron (65 watts), Flux (rosin), solder 


wire (alloy of *' and lead), a small Piece of sand Paper, a cutting 
plier and pocket knife etc, 


Procedure. 


(t) Clean the tip 


thatthe dipped of tlie soldering iron with sand paper such 


ur is brightly visible. 
(ii) Switch on the soldering iron. 
. (iii) Scratch the insulation coatin 
with a knife and sand Paper. 
I (iv) Dip the tip of the solderin; 
ind then put solder material ont 
molten solder remains on the tip. 


5 on the tips of wires or cables 


g iron in the flux when it is hot 
he tip such that a small amount of 


(v) Now dip the cleaned end of the wires to be joined into the 
flux and then past 


| 1 € the soldering material on them with the help 
of the iron tip, 


—— —— 
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(vi) Now join the ends and twist them as shown in Fig. 15.1(6). 
Now heat this joint with the iron tip and simultaneously apply the 
solder as detailed in Fig. 15.1(5). 


(vii) Now remove soldering iron from the joint after the joint is 
completely wet with the molten solder. 


(viii) Do not move the soldered joint unti] the melted silvery 
coloured solder has turned into a dull white colour. The white 
colour indicates that the solder has become hard. 


Precautions 

(i) Clean well the tip of the soldering iron and the wire ends 
to be joined with sand paper. 

(ii) Tcuch the joint with hot tip of the soldering iron until 
enough heat is produced so that the solder melts and runs like water 
into the joint. 

(iii) Do not allow the hot tip to touch any other part of insula- 
ted wires. 

(iv) Do not overheat the soldering iron because it causes rusts 
to form more quickly on the iron. 

(v) Do not drop too much solder on the joint. > 

(vi) Always place the hot soldering iron on a metal rack when 
not in use. 
(vit) Disconnect the soldering iron from the mains when the 
soldering process is complete. 


Note. It is often useful to have а tube of qi 
which are adhesive pastes, These adhesives can Jou 
electrical ccntact is not required. For instant |fixing 
permanent and hard fixing a paste of Araldite is used. 


uickfix and a set of Aradite 
in any two surfaces where 
quickfix is used and for 
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Elements of Workshop Practice 


$16.01. Description about some common tools and their uses 


(1) Screw Driver. It is used 


to rotate screw by fitting it 
in the slot of the screw-head. It usually 


consists of a steel rod fixed 


Claw Hammer 


Fis. 16.1. Common Workshop Tools, 


_ in Fig. 16.1 
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to a wooden or a metallic handle as shown in Fig. 16.1(a). The steel 
rod is tapered to a flat end. 

(2) Pocket Knife. A folding type of pocket knife; is shown 
(b). It is used to peel the insulation of a wire ог to cut 


things like wire, thread etc. 


Fig. 16.1. (Continued) 
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3. Pliers. 


(a) Insulated Combination Pliers. These pliers are used for 
cutting or bending wires. These are also used for holding or gripping 
operation by hand. It is made up of tool steel. It has snab-nosed 
Jaws and cutting edge as shown in Fig. 16.1 (c). 

(b) Diagonal cutting pliers. 
wires closed to the ends where 
the purpose. These pliers can 
metal. [t has cutting edges on o 


These plicrs are used to cut. off the 
the combination pliers do not serve 
also cut thin and small sheets of 
ne side as shown in Fig. 16.1 (d). 


Hack Saw with Blade 


т чучу! 


Hand Saw 


Electric Drill 
> Machine 


p 


Pid 
eb, 


Fig. 16.1. (Continued) 
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(1) Hammers. Hammers are used for fixing nails, for flat- 
tenning metals and for straightening articles etc. Hammers consist 
ofa wooden or metallic handle fitted in a suitable metal block. The 
two common types of hammers are (a) Ball Peen hammer and (b) · 
Claw Hammers asshown in Fig. 16.1 (е) and ( f) respectively. The 
Claw Hammers can also be used to remove the nails from the places 
where it is fixed. D 

(5) Spanner and Wrencb. Spanners are used for tightening 
or loosening nuts and bolts, These are made of cast steel and have- 
‘fixed jaws as shown in Fig. 16.1 (g). 


The wrench is a kind of single ended spanner with adjustable 
space between its jaws. This is achieved by making one of the jaws 
movable and fixed in different positions as shown in Fig. 16.1 (A) 
and (i). 

(6) Vice. It isa common tool used in workshop for holding 
works. ‘It is shown in Fig. 16.1(j). The body and the sliding jaws of 
vice are made of cast iron. The other parts are made of steel. It 
may be either a portable type or bench type. 

(7) Files. Files are used almost in all metal and wood works. 
These аге made of hard steel and have large number of sharp edges 
or teeth [Fig. 16.1(&)] which remove fine chips of material. They are 
of different shapes. Flat files arc particularly used to make the surfaces 
ofmetalor wood smooth. Round or half-round files are used 
to smoothen the holes, Triangalar files are used to sharpen the 
teeth of hand saw. 

(8) Hacksaw- These are used to cut metal rods, bars, pipes, 
etc. It has metallic frame in which a narrow blade of good quality 
tempered alloy steel with set teeth, is fitted as shown in Fig. 16.100). 
The frame has a means to apply tension in the blade. 

(9) Hand Saw. Itisa cutting tool used jin wood works. It 
consists of a thin metal blade which has a series of sharp teeth on one 
edge. Each tooth cuts or tears away a small piece of wood. The 
blade is fixed to a wooden handle as shown in Fig. 16.1 (m). 


; р А а E 
10) Drill Machines. Itisa tool for making holes in woode 
or s pieces. These machines are designed to hold steel twist. 
drills and to rotate them freely. Rotation can 
(hand drill machine) or by electrical powe [ 
| Different sizes of drill bits can be fitted in. these machines. The two 

kinds of drill machines are shown in Fig.16.1 (n) and (0). 
i is i i f two 

(11) Simple Callipers. This instrument consists О 

pointed e пед hinged together аз shown in Fig.16.1(p)- These 
are used to measure internal and external diameters or distances. 


N.B. There are frequent chances of cuts and scratches on the 
student's body with the tools in the beginning of workshop practice. 
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Therefore every laboratory or workshop must have a First Aid 


Box containing at least burnol, mercurocrome, band aids, dressing 
material etc. 


$16.02. Precautions in the Use of Tools 


(1) Do not carry a sharp edged tool, like a knife unshielded in 
pocket. Whenever you arc passing a sharp edged tool to anot, er 
Person, pass its handle first and not the edged portion first. 


(2) Do not place your fingers or hands in the path of the 
motion of a cutting tool. 


(3) While starting a cut with a saw it should be handled 
carefully. It is necessary to guide the saw with fingers and thumb 


of the left hand while: starting the cutting Process. Carelessness here 
may Cause serious injury. Е 


(4) Do not use a hammer with 


shaky or broken handle, 
Hammer must be fastened securely to the 


handle before its use. 

(5) Do not leave the tools on the top of a ladder or at places 
above your head, There is always a danger of falling of the tools. 

(6) There is a common saying, “а sword cannot do the job 
of a needle and vice-versa”. 


This is exactly true in the use of the 
tools. Use the tool for the purpose for which it is designed. 
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